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July  1,  1976  -  September  30,  1977 

John  C.  Eberhart,  Ph.D. 


The  story  of  this  year  is  in  the  reports  to  follow  in  which  the  Chiefs  of 
our  intramural  basic  Laboratories  and  clinical  research  Branches  summarize 
the  scientific  events  of  the  past  15*  months.   I  will  not  further  summarize 
that  material  here.   The  efforts  of  our  scientists  during  this  period 
continued  generally  at  an  outstanding  level  of  effectiveness,  despite  the 
shortage  in  staff  and  money  which  have  characterized  NIMH  research  programs 
for  several  years.   The  comments  in  this  Annual  Report  by  Dr.  Cohen  on  the 
logic  of  increased  support  of  research,  and  by  Dr.  Wyatt,  on  the  rhetoric  of 
enhanced  support,  are  both  highly  relevant. 

It  is  a  pleasure  to  report  the  award  this  year  of  the  McAlpin  Award  by  the 
Mental  Health  Association  to  Dr.  William  E.  Bunney  for  his  distinguished 
scientific  contributions  to  understanding  manic-depressive  illness. 

In  the  ordinary  course  of  an  average  year,  as  I  have  commented  in  other 
years,  those  of  us  who  run  programs  like  this  one  tend  to  get  preoccupied  by 
administrative  matters.   It  is  hard  to  stay  close  to  the  science  when  matters 
of  budget,  space,  positions,  regulations,  accountability,  liaison  with  higher 
echelons  and  with  cognate  programs,  and  the  like,  flood  in  by  memorandum, 
telephone  call,  visitor,  and  meeting.   This  year  we  tried  to  redress  the 
balance  a  little,  in  two  ways.   At  Dr.  Cohen's  suggestion  we  set  aside  every 
Tuesday  morning  for  a  scientific  reporting  session  between  the  three  Division 
Directors  and  relevant  administrative  officers  and  three  members  of  the 
research  staff.   Since  we  often  talk  with  Laboratory  Chiefs,  we  left  them  out, 
and  instead  saw  and  heard  in  the  course  of  the  year  all  other  permanent  or 
tenured  scientists  and  a  few  of  the  Senior  Staff  Fellows  and  Associates. 
Generally  the  three  scientists  selected  were  from  different  Laboratories,  some- 
times they  had  not  previously  met  one  another,  and  occasionally  they  discovered 
common  interests.   The  format  of  the  sessions  were  quite  informal,  generally 
without  slides,  with  each  scientist  given  35  to  AO  minutes  to  describe  his  work 
in  any  way  he  wished.   The  sessions  served  a  valuable  purpose  in  acquainting  us 
in  some  detail  with  the  work  of  scientists  with  some  of  whom  we  have  too  little 
contact,  and  in  bringing  together  people  with  common  interests. 

The  other  approach,  also  suggested  by  Dr.  Cohen,  was  that  the  regular  Labora- 
tory Chiefs'  meetings  be  limited  to  one  a  month,  and  that  the  other  monthly 


*Though  Fiscal  Year  1977  began  October  1,  1^76  and  ends  September  30,  1977,  the 
present  annual  report  is  being  written  to  cover  the  preceding  3  months  as  well. 
That  "transition  quarter,"  officially  part  of  Fiscal  Year  1976,  bridged  the  gap 
between  the  Federal  Government's  last  traditional  fiscal  year  and  the  start  of  a 
new-style  fiscal  period  which  we  will  have  from  now  on. 


meeting  be  devoted  to  a  report  on  research  by  one  of  the  Laboratory  Chiefs.  " 
This  was  agreed  to  and  a  committee  chaired  by  Dr.  Evarts  arranged  a  schedule 
and  stage-managed  the  seminars  at  the  Faculty  Center  of  the  Foundation  for 
Advanced  Education  in  the  Sciences  (formerly  the  PHS  Club) .   Refreshments 
added  to  the  pleasant  character  of  what  turned  out  to  be  a  useful  and 
informative  series  of  meetings. 

This  annual  report  is  a  kind  of  year-end  journal  in  which  I  try  to  note  the 
events  of  the  year  that  should  be  remembered  or  should  be  recorded  for  later 
recall.   As  one  looks  back  on  the  year  he  is  conscious  of  the  fact  that  the 
year  began  with  the  election  of  Governor  Carter  as  President  over  Mr.  Ford, 
that  Mr.  Joseph  Calif ano  was  shortly  named  Secretary  of  the  Department  of 
Health,  Education,  and  Welfare,  and  that  other  more  or  less  expected 
changes  took  place  in  the  upper  level  staff  of  the  Department.   In  "H",  as  we 
now  refer  to  the  conglomeration  of  health  agencies  in  the  Department, 
Dr.  Theodore  Cooper  was  relieved  from  duty  as  Assistant  Secretary  for  Health 
and  Mr.  James  Isbister  was  similarly  relieved  as  Administrator  of  ADAMHA. 
Several  other  agency  heads  were  also  displaced.   The  Secretary  chose  not  to 
remove,  but  gave  a  vote  of  confidence  to,  Dr.  Donald  Fredrickson,  Director  of 
the  National  Institutes  of  Health,  to  the  applause  of  those  gathered  in  the 
Masur  Auditorium  to  hear  the  Secretary,  and  to  the  cheers  of  the  rest  of  the 
NIH.   The  departures  of  Dr.  Cooper  and  Mr.  Isbister  were  generally  regretted, 
since  both  had  performed  with  distinction  and  were  devoted  professionals  of 
high  competence.   Successors  to  these  two  have  been  Dr.  Julius  Richmond  as 
Assistant  Secretary  for  Health,  and  Dr.  Gerald  Klerman,  designated  to  be 
Administrator  of  ADAMHA.   Both  have  fine  backgrounds  and  many  friends  here, 
and  we  wish  them  well.   I  would  like  to  note  here  with  admiration  and 
gratitude  the  fine  job  Dr.  Neil  Waldrop  has  done  and  (in  October,  1977)  is 
still  doing  in  the  difficult  role  as  Acting  Administrator  of  ADAMHA. 

Sometimes  a  journal  of  events  should  also  record  some  non-events,  and  I 
would  like  to  mention  two.   This  was  a  year  when  there  was  no  reorganization 
affecting  the  Intramural  Program,  and  when  there  was  no  increase  or  decrease 
in  our  research  space.   Both  deserve  a  little  comment. 

Interest  in  reorganization  was  stimulated  last  year  by  the  President's 
Biomedical  Research  Panel,  almost  half  of  whose  members  believed  that  ADAMHA's 
institutes,  or  at  least  their  research  programs,  should  return  organization- 
ally to  the  National  Institutes  of  Health.   Though  this  idea  continues  to  be 
talked  about,  especially  in  the  light  of  ADAMHA's  building  needs  and  the 
possibility  of  a  site  on  the  NIH  campus,  there  is  no  real  indication  that  the 
administration  is  contemplating  such  a  change.   So  organizationally  we  had  a 
peaceful  year. 

The  research  space  situation  has  several  aspects  worth  mentioning.   1)  The 
Ambulatory  Care  Research  Facility  is  now  under  construction,  with  an 
enormous  excavation  expending  across  the  entire  front  of  the  Clinical 
Center.   We  have  had  a  busy  year  working  out  plans  for  moves  made  necessary 
by  the  construction,  especially  for  relocating  Ward  2  West,  which  will  need 
to  be  vacated  by  us  about  a  year  from  now.   Turn-around  space  for  both 
laboratories  and  patients  is  severe  and  perfect  solutions  are  not  likely  to 


be  found  for  all  our  needs.   2)  The  Laboratory  of  Socio-Environmental  Studies 
will  move  within  the  next  two  or  three  months  to  new  space  in  Building  31. 
It  finally  became  apparent  to  all  of  us  that  it  would  be  hard  to  justify  the 
indefinite  continuance  in  Building  10  of  a  Laboratory  which  did  not  work  with 
patients  and  did  not  use  the  wet  laboratory  facilities,  despite  the  program 
value  of  having  easy  communication  between  scientists  in  all  laboratories. 
This  laboratory  has  been  in  Building  10  since  it  opened  in  1953,  and  it  is 
with  regret  that  we  contemplate  the  necessary  move  200  yards  down  Center 
Drive . 

Also  moving  into  Building  31  at  the  same  time  will  be  most  of  the  Laboratory 
of  Psychology  and  Psychopathology.   They  will  retain  a  small  amount  of 
experimental  space  in  Building  10  for  work  with  patients,  but  are  moving  out 
of  the  second  floor  of  Building  10  to  accommodate  certain  necessary  moves  of 
Clinical  Center  staff  incident  to  ACRF  construction.   This  Laboratory  is 
expected  to  stay  in  Building  31  until  the  ACRF  is  completed  and  some  remodel- 
ing is  done  in  the  Clinical  Center.   Then  they  will  move  back,  probably  in 
1981. 

A  part  of  the  space  story  is  the  search  for  new  research  facilities  for  those 
intramural  programs  in  ADAMHA  now  inadequately  housed.   I  summarized  the 
start  of  this  a  year  ago.   The  need  for  more  space  is  acute  for  our  Division 
of  Special  Mental  Health  Research,  now  located  in  the  William  A.  White 
Building  at  St.  Elizabeths  Hospital,  and  which  should  be  relocated  on  the  NIH 
Campus  near  the  main  body  of  our  Intramural  Program.   The  National  Institute 
of  t)rug  Abuse  needs  to  find  a  new  permanent  home  -for  the  Addiction  Research 
Center;  tentative  plans  have  been  made  for  a  move  of  that  unit  to  remodeled 
laboratories  in  Baltimore.   The  National  Institute  of  Alcohol  Abuse  and 
Alcoholism  also  has  a  laboratory  in  the  White  Building,  is  planning  to  move 
it  soon  to  rented  space  in  Rockville,  and  wishes  to  consolidate  that  unit 
and  its  other  two  planned  laboratories  in  a  new  facility,  preferably  at  NIH. 
The  study  by  the  Arthur  Young  Company  entitled,  "Review  of  Intramural 
Research  Facilities,"  was  submitted  on  June  17,  1977.   It  outlined  the 
facilities  now  used  for  intramural  research  by  the  three  institutes,  reported 
their  estimates  of  future  needs,  and  outlined  various  options  for  meeting  the 
needs.   The  options  differed  principally  in  the  site  of  a  new  research 
facility — NIH  or  elsewhere — and  in  the  units  proposed  for  housing  there. 
Several  options  proposed  that  all  NIMH  Intramural  Research  be  moved  to  such  a 
new  facility,  including  the  two  Divisions  now  housed  at  NIH.   I  have  declared 
these  options  unacceptable.   It  would  be  a  serious  disservice  to  our  Bethesda 
programs  to  move  them  away  from  their  close  association  with  NIH  research 
programs  in  the  Clinical  Center  and  Building  36. 

New  space  is  needed  for  the  programs  mentioned  above,  and  I  hope  that  a  way 
will  be  found  to  build  new  space  at  NIH  that  can  accommodate  the  Division  of 
Special  Mental  Health  Research,  the  Addiction  Research  Center  of  NIDA,  and 
the  NIAAA  intramural  program.   Within  the  next  5  to  10  years  Building  9  will 
probably  be  torn  down,  because  it  is  inadequate  for  housing  animals  and 
would  be  uneconomical  to  remodel,  and  we  will  therefore  need  new  space  for 
the  Neuropsychology  Laboratory  and  the  Central  Primate  Facility.   Finally, 
the  laboratories  now  in  the  Clinical  Center  are  tightly  packed,  and  comple- 
tion of  the  Ambulatory  Care  Research  Facility  will  not  materially  change  that. 
It  would  be  important  to  secure  enough  new  space  in  any  new  construction  to 
take  care  of  our  present  program  needs. 
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As  I  write  this,  discussions  have  already  taken  place  within  ADAMHA  and  NIH 
on  the  nature  of  the  needs  (ADAMHA)  and  on  possibilities  of  meeting  those 
needs  (NIH) .   A  meeting  will  soon  be  held  between  the  heads  of  the  two 
agencies  and  Assistant  Secretary  Richmond  for  a  preliminary  exchange  of  views 
on  a  possible  new  structure.   The  fact  that  the  NIMH  Intramural  Program  is 
jointly  administered  by  the  two  agencies  has  made  it  appropriate  for  me  to 
participate  in  the  deliberations  of  both  agencies.   Though  there  is  some 
potential  conflict  in  that  role,  I  sense  so  far  some  smoothing  of  the  way. 

A  year  ago  I  commented  at  some  length  on  the  Presidents  Biomedical  Research 
Panel,  which  had  turned  in  its  final  report  in  April,  1976.   This  year  one 
of  the  early  acts  of  President  Carter  was  to  appoint  a  President's  Commission 
on  Mental  Health,  under  the  chairmanship  of  Dr.  Thomas  Bryant,  and  with 
Mrs.  Rosalynn  Carter  as  Honorary  Chairman.   Operating  under  the  panel  were 
two  dozen  Task  Panels,  one  of  which  dealt  with  research.   Its  coordinator  was 
Dr.  Daniel  X.  Freedman,  and  it  included  such  friends  and  present  or  former 
associates  as  Seymour  Kety,  Floyd  Bloom,  Norman  Garmezy  and  others.   The 
Research  Task  Panel  submitted  its  Preliminary  Report  on  September  1.   The. 
final  reports  of  both  are  due  April  1,  1978. 

The  Task  Panel  Draft  Report  on  Research  reviews  major  current  problems  in 
mental  health  research,  both  as  subject  matter  and  as  to  funding,  emphasizing 
the  real  decrease  (in  constant  dollars)  of  NIMH  research  appropriations  over 
the  past  few  years.   It  recommends  that  the  1979  NIMH  research  budget  be 
increased  by  20  percent  over  the  1978  figure,  and  the  Commission  endorses 
this  recommendation.   The  Research  Panel  further  urges  that  more  support  in 
1978  be  given  to  "fundamental  bio-behavioral  and  social  sceinces"  than  has 
been  the  case  in  the  recent  past,  because  "the  fundamental  sciences  have 
become  woefully  undersupported."  It  urges  an  increase  in  research  training 
by  NIMH,  an  increase  in  involvement  by  minority  students,  better  support  of 
research  training  for  psychiatrists,  and  improved  administration  of  the 
Research  Scientist  Award  Program. 

The  final  report  of  the  Panel  will  deal  more  fully  with  a  number  of  matters 
of  direct  interest  to  the  NIMH  and  Intramural  Research  Program.   Among  them 
are  expected  to  be  1)  "a  description  and  ...  an  examination  of  the  anatomy 
of  the  mental  health  research  institutes,"  including  "how  research  is  orga- 
nized, where  it  takes  place,  who  carries  it  out,  and  who  funds  it";  2)  an 
assessment  of  the  "state  of  the  art"  of  mental  health  research;  3)  a  critique 
of  "the  r  e  s  e  arch  process  and  the  organization  and  administration  of  research 
....   The  organizational  priorities  and  issues  of  existing  research  review 
and  advisory  process,  intramural  versus  extramural  research,  desirability  of 
research  centers,  intra-agency  duplication,  and  service/research  interaction 
will  be  examined  .  .  .";  4)  analysis  of  some  clinical  research  issues,  such  as 
"the  role  of  clinical  centers,  insurance  reimbursements,  the  costs  associated 
with  clinical  research,  and  .  .  .  the  sometimes  blurred  boundaries  [of]  clin- 
ical, applied,  and  basic  research,  clinical  trials,  demonstrations,  and 
program  evaluation  .  .  .  ." 

All  of  these  issues  are  of  concern  to  the  NIMH  and  the  Intramural  Research 
Program,  and  we  are  looking  forward  to  the  findings  and  comments  of  the  Task 
Panel  in  their  report. 


The  strength  of  the  Intramural  Research  Program  depends  not  only  on  money  and 
space,  which  have  been  mentioned,  but  on  positions.   In  a  sense,  the  Intra- 
mural Research  Program  uses  people  where  the  Extramural  Research  Program  uses 
dollars.   We  have  had  a  continuing  but  uneven  loss  in  budgeted  positions  for 
about  the  last  ten  years,  for  a  total  loss  of  about  20  percent.   This  note  is 
to  report  a  further  loss  this  year.  We  hope  it  will  turn  out  to  be  temporary. 
The  new  administration  froze  all  "vacancies"  existing  on  February  28,  1977, 
and  thereafter  permitted  the  filling  of  only  3  out  of  4  new  vacancies  that 
developed,  until  about  July  1.   Although  we  had  recruitment  actions  under  way 
for  all  the  vacancies  we  had  on  February  28 — normally  we  are  permitted  to  ful- 
fill such  understood  commitments — the  rules  were  changed  this  time  and  our 
requests  were  denied.  As  a  result  we  now  (October  21)  have  25  positions 
vacant  out  of  our  normal  ceiling  of  373.   The  Institute  has  fortunately 
retained  its  ceiling  of  893,  and  we  hope  the  Intramural  Program  will  also 
retain  its  ceiling.   It  will  be  a  serious  blow  if  it  does  not. 

The  Board  of  Scientific  Counselors  met  twice  this  year,  as  usual.   On 
November  4-5,  1976  the  Board  reviewed  the  Laboratory  of  Clinical  Science.   In 
addition  to  members  of  the  Board  (Drs.  Robert  Doty,  Eleanor  Gibson, 
Nelson  Goldberg,  David  Hamburg,  Eleanor  Sheldon,  and  Frederic  Worden)  the 
following  consultants  assisted  in  the  review:   Dr.  Sydney  Spector,  Roche 
Institute  of  Molecular  Biology;  Dr.  Donald  Jenden,  UCLA;  Dr.  Eugene  Roberts, 
City  of  Hope  Medical  Center;  and  Dr.  Norman  Weiner,  University  of  Colorado. 

On  March  24,  25,  and  26,  1977,  the  Board  convened  again  in  Bethesda  to  review 
three  Laboratories:   Neurobiology,  Neurophysiology,  and  Cerebral  Metabolism. 
Ad  hoc  consultants  for  this  occasion  were  Drs.  Bernard  Agranoff,  University  of 
Michigan;  David  Carpenter,  Armed  Forces  Radiobiological  Research  Institute; 
Sidney  Ochs,  Universitv  of  Indiana;  Fred  Plum,  Cornell;  and  Marion  Smith, 
Palo  Alto  Veterans  Administration  Hospital. 

Evaluations  of  the  work  of  all  four  Laboratories  we-^s,  we  were  pleased  to 
hear,  distinctly  favorable.   Since  it  seems  inappropriate  to  condense  their 
comments  enough  for  this  space,  I  will  let  it  go  with  that.   I  would,  however, 
like  to  record  my  admiration  for  the  comprehensive,  thorough,  and  serious  way 
in  which  the  Board  has  carried  out  its  responsibility  to  review  and  appraise 
these  comparatively  large  and  complex  programs.   It  is  a  major  service  to  us, 
and  it  requires  a  concentration  of  effort  which  is  beyond  that  required  in 
most  consultant  roles. 

This  was  the  final  year  on  the  Board  for  two  members,  Drs.  Eleanor  Gibson  and 
Eleanor  Sheldon.   We  are  sorry  to  lose  them  and  we  thank  them  for  their 
notable  contributions.   I  want  to  say  a  special  word  of  appreciation  Co 
Dr.  Sheldon,  who  for  the  past  two  years  carried  the  responsibility  of  Chair- 
man.  The  fact  that  she  was  a  sociologist  in  a  heavily  biomedical  program, 
did  not  faze  her  in  the  least,  and  she  served  with  great  effectiveness. 

Our  major  personnel  loss  during  the  year  was  the  retirement  of  Mrs. 
Margaret  Braymer  as  Chief  of  the  Satellite  Personnel  Office  in  August,  1977. 
I  have  commented  on  her  outstanding  value  to  this  program  in  several  of  these 
annual  reports,  and  I  will  say  here  only  that  I  do  not  expect  to  see  her 
equal  for  a  long  time.   We  are  fortunate  to  get  Mr.  Barton  Kuhns  as  her 


successor.   He  had  the  benefit  of  working  with  Mrs.  Braymer  for  several  yearS, 
and  we  fully  expect  him  to  make  contributions  of  his  own  distinct  sort  as  he  y. 
works  into  his  new  job.  ',  " 

Finally  I  would  like  to  mention  that  Dr.  Richard  J.  Wyatt,  Chief  of  the 
Laboratory  of  Clinical  Psychopharmacology  in  the  Division  of  Special  Mental 
Health  Research,  has  agreed  to  take  on  the  added  duty  of  Director  of  the 
Division.   He  has  served  as  Acting  Director  for  the  two  years  since 
Dr.  Floyd  Bloom  left,  and  he  now  becomes  the  regular  Director.   It  compli- 
cates his  life  in  many  ways,  and  may  not  add  to  his  satisfactions,  and  we    ^-^ 
are  therefore  more  than  grateful  that  he  has  been  willing  to  take  on  the     *  w 
responsibility. 


<§ 


<• 


Annual  Report  of  the 
Director,  Division  of  Clinical  and  Behavioral  Research 
National  Institute  of  Mental  Health 

July  1,  1976  -  September  30,  1977 

Robert  A.  Cohen,  M.D.,  Ph.D. 

In  my  annual  report  last  year  I  spoke  of  some  impending  changes  in  the 
Clinical  Center,  both  organizational  and  structural.  The  implementation 
of  these  changes  has  begun.  Clinical  Center  administration  has  drawn 
closer  to  the  operation  of  the  individual  Institute  research  programs, 
and  in  so  doing  has  become  more  responsive  to  our  needs  and  problems  as 
they  develop.  The  Center  is  beginning  to  function  more  as  a  total  hospital 
rather  than  a  group  of  individual  fiefdoms.  While  there  were  advantages 
to  be  gained  from  the  old  arrangement,  the  new  procedures  have  brought  new 
strengths  to  the  setting  in  which  we  work;  they  augur  well  for  the  future. 
The  construction  of  the  new  Ambulatory  Care  Research  Facility  has  begun; 
we  have  already  experienced  some  expected  and  also  some  unanticipated 
inconveniences  to  which  we  will  have  to  adjust  during  the  next  few  years. 

The  reports  of  the  laboratory  and  branch  chiefs  describe  in  detail  the  wide 
range  of  studies  which  are  being  carried  out.  In  our  view,  and  in  the  view 
also  of  our  Board  of  Scientific  Counselors,  the  work  is  generally  at  a  high 
level.  Dr.  William  E.  Bunney  was  given  the  McAlpin  Award  by  the  Mental 
Health  Association  for  his  outstanding  contributions  to  the  understanding 
of  manic-depressive  illness.  In  recognition  of  their  notable  contributions 
in  related  areas,  the  sections  headed  by  Drs.  Frederick  Goodwin  and  Dennis 
Murphy  were  raised  to  Branch  level—the  former  being  designated  as  the 
Clinical  Psychobiology  Branch,  the  latter  as  the  Clinical  Neuropharmacology 
Branch.  Concurrently,  the  name  of  the  Adult  Psychiatry  Branch  was  changed 
to  the  Biological  Psychiatry  Branch;  this  reflects  more  accurately  the 
character  of  its  interests.  Under  the  leadership  of  Dr.  Bunney,  who  also 
served  as  Deputy  Clinical  Director,  the  Clinical  Investigations  Coordinating 
Cormiittee  has  made  considerable  progress  in  establishing  certain  uniform 
data-collecting  and  patient-care  procedures  followed  on  all  five  of  our 
patient  units.  These  have  already  significantly  strengthened  the  clinical 
program;  they  promise  to  provide  a  storehouse  of  highly  rtl  lable  "^L'^a  w'-^ich 
will  be  an  invaluable  and  unique  asset  in  our  future  work.  Over  five 
patient  units  are  operating  at  a  higher  level  of  productivity  and  efficiency 
than  ever  before,  but  at  the  same  time  are  held  back  from  operating  at 
optimal  levels  because  of  a  shortage  in  supporting  staff. 

A  less  happy  development  was  the  request  of  Dr.  David  Rosenthal  to  give  urj 
his  responsibilities  as  Chief  of  the  Laboratory  of  Psychology  and  Psycho- 
pathology  in  order  to  devote,  full  time  to  his  research  on  genetic  aspects 
of  mental  illness.  Dr.  Rosenthal  had  served  as  Chief  of  the  Laboratory  of 
Psychology  since  1966.  We  accepted  his  decision  with  regret,  and  plan  Co 
appoint  a  search  committee  to  seek  a  new  Chief  as  soon  as  we  can  secure 
definite  information  concerning  personnel  ceilings  and  the  level  of  the 
resources  which  will  be  available. 
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In  the  last  report  I  also  expressed  the  hope  that  the  Report  of  the 
President's  Biomedical  Research  Panel  and  the  many  formal  review  procedures  ^ 
which  have  been  instituted  from  on  high  to  strengthen  the  administration  of  * 
research  would  have  a  stabilizing  effect.  This  happy  state  has  not  yet  been 
achieved.  We  continue  underbudgeted  and  understaffed.  It  is  not  too  diffi- 
cult to  see  how  such  a  simple  and  direct  statement  has  failed  to  impress 
those  who  must  make  the  final  decisions  concerning  the  level  of  support 
afforded  us.  On  the  one  hand,  we  assert  that  the  work  is  going  better  than 
ever;  on  the  other,  we  seek  more  resources  in  these  troubled  times  when  the 
Congress  and  the  Administration  are  besieged  by  desperate  petitioners.  In  ^ 
my  view,  our  difficulties  arise  from  the  fact  that  for  the  past  ten  years   * 
our  support  has  not  been  stable,  but  has  eroded  at  a  slow  but  inexorable 
rate.  Our  investigators  each  year  must  stretch  a  bit  farther  to  reach  their 
goals.  Despite  their  notable  achievements,  they  are  in  a  position  where  a 
ten  percent  increase  in  support  might  well  lead  to  a  twenty  or  thirty  percent 
greater  pay-off.  At  the  same  time,  a  further  reduction  might  force  constric- 
tion or  even  cancellation  of  a  study  which  has  high  promise.  Modern  science 
does  not  stand  still.  New  instrumentation  has  ten  times  the  sensitivity  of 
that  currently  in  use.  And  so,  scientists  in  the  most  powerful  research 
institute  in  the  world  find  themselves  driving  Model  Ts  past  showrooms  dis- 
playing Aston-Martins.  One  can  still  explore  much  of  the  countryside  in  a 
Model  T,  but  the  eminence  the  intramural  programs  at  NIH  enjoy  today  was  not 
achieved, nor  is  it  likely  to  be  indefinitely  maintained,  if  this  proves  to  be 
a  final  decision. 

A  recent  issue  of  Daedelus  which  examines  health  policy  in  the  United  States 
is  subtitled  "Doing  Better  and  Feeling  Worse."  The  mordant  quip  refers  to 
the  fact  that  although  health  expenditures  increased  from  10  billion  dollars  i 
in  1950  to  130  billion  in  1975,  they  did  not  result  in  better  health.  In  his 
paper,  Aaron  Wildavsky  points  out  that  "the  medical  system  affects  about 
10  percent  of  the  usual  indices  for  measuring  health:  whether  you  live  at  all 
(infant  mortality),  how  well  yoa  live  (days  lost  to  sickness),  and  how  long 
you  live  (adult  mortality).  The  remaining  90  percent  are  determined  by 
factors  over  which  doctors  have  no  control,  from  individual  life  style,  to 
social  conditions,  to  the  physical  environment.  Most  of  the  bad  things  that 
happen  to  people  are  at  present  beyond  the  reach  of  medicine.  In  the  absence 
of  medical  knowledge  gained  through  new  research,  or  of  administrative  knowl- 
edge to  convert  common  practice  into  best  practice,  current  medicine  has 
gone  as  far  as  it  can.  It  will  not  burn  brighter  if  more  money  is  poured  on 
it.  No  one  is  saying  that  medicine  is  good  for  nothing,  only  that  it  is  not 
good  for  everything." 

It  seems  to  me  that  the  entirely  natural  and  eminently  reasonable  demands  for 
improved  distribution  of  improved  services  have  resulted  in  an  attenuation 
of  research  support.  Yet  it  is  only  by  further  research  that  these  heavy  ({ 
service  burdens  can  ever  be  lightened,  that  prevention  of  illness  can  ever 
be  achieved.  If  those  who  demanded  service  at  the  expense  of  research  had 
prevailed  in  the  case  of  poliomyelitis,  we  would  today  have  thousands  of 
iron  lungs  instead  of  an  effective  vaccine.  It  is  not  unreasonable  to  be 
asked  "Can't  you  do  more  with  what  you  already  have?",  or  to  be  visited  by 
experts  who  propose  to  help  us  improve  our  effectiveness  as  managers.  We 
shall  continue  to  strive  for  such  improvements,  but  they  alone  will  not  be 
sufficient. 
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While  the  quality  of  the  work  produced  by  the  three  laboratories  over  the  past 
year  continues  to  be  high, the  Division's  difficulties  concerning  staff  turn- 
over and  location  have  persisted.  The  Laboratory  of  Neuropharmacology  has  had 
three  Acting  Chiefs  since  Dr.  Bloom  left.   Dr.  Siggins  and  Dr.  Hoffer  each 
held  this  position  for  three  to  four  months  before  their  previously  planned 
departures  to  the  Salk  Institute  and  the  University  of  Colorado  respectively. 
At  present,  I  am  serving  as  Acting  Chief  while  a  committee  looks  for  a  head 
for  the  laboratory.   Despite  these  problems  and  although  the  scope  of  this 
laboratory  has  become  somewhat  limited,  Drs.  Weight  and  Taylor  and  Mr.  Oliver 
and  Mrs.  Krauthamer  have  maintained  the  scientific  excellence  of  its  work. 

The  Laboratory  of  Preclinical  Pharmacology  has  continued  its  enormous  quali- 
tative and  quantitative  productivity  despite  a  medical  problem  of  its  Labo- 
ratory Chief,  Dr.  Costa,  late  last  year.   Dr.  Costa  has  fully  recovered.   He 
has  decreased  some  of  his  outside  commitments  but  has  continued  his  vigorous 
and  exciting  laboratory  work. 

My  own  laboratory  -  the  Laboratory  of  Clinical  Psychopharmacology  -  has  con- 
tinued its  efforts  toward  understanding  sleep,  drug  abuse  and  schizophrenia. 
One  exciting  finding  is  that  recently  we  have  been  able  to  distinguish  some 
paranoid  from  nonparanoid  schizophrenic  patients  using  platelet  monoamine 
oxidase. 

The  relationship  of  our  Division  to  the  Hospital  (which  was  the  subject  of 
last  year's  report)  has  improved  on  one  level.  The  Hcipital  has  clearly 
attempted  to  make  it  easier  for  us  to  function.   In  return,  we  are  increasing 
our  efforts  to  provide  the  Hospital  with  specialized  abilities  that  we 
possess. 

However,  problems  do  remain.  We  continue  to  have  frequent  power  outages 
which  have  ruined  numerous  experiments  and  have  destroyed  expensive  equipment. 
The  basic  utilities  provided  to  our  building  are  antiquated  and  simply  not 
designed  for  modern  research  use.  They  fail  at  an  unfortunately  predictable 
rate  and  get  patched  together  with  whatever  can  be  devised.   This  band  aid 
approach  will  collapse.  Without  question,  medium  to  long  range  plans  for  the 
Division  are  still  necessary. 

State  of  Research  Funding 

During  the  past  year,  I  have  had  considerable  contact  with  several  committees 
of  the  Mental  Health  Association.   They  have  wanted  to  better  understand  our 
research  in  the  IRP  and  how  it  might  eventually  effect  mental  illness.   They 
are  well  aware  of  the  cost  of  mental  illness  in  human  terms,  but  find  it 
difficult  to  communicate  this  to  Congress  and  others  who  make  policy  decisions. 
In  order  to  help  them,  we  have  compiled  summaries  of  mental  health  statistics. 


The  numbers  of  people  requiring  care  for  schizophrenia  are  large.   One  per- 
cent of  the  nation  has  schizophrenia  and  tvvo  or  more  percent  will  have  a 
schizophrenic-like  illness  at  some  time  during  their  lives.   In  certain  urban 
areas  this  prediction  rises  to  as  much  as  six  percent,   more  than  one  in 
20  persons.   One-forth  of  all  hospital  beds  and  one-half  of  all  mental  hospital 
beds  are  occupied  by  schizophrenic  patients.   Sixty-two  percent  of  schizo- 
phrenic patients  require  inpatient  care  after  their  first  hospitalization  and 
only  20  percent  work  compared  to  55  percent  of  other  psychiatric  patients. 

The  cost  of  schizophrenia  is  staggering.   Health  care  and  lost  wages  for 
schizophrenia  equal  over  half  the  total  cost  for  all  mental  illness  (20  bil- 
lion for  schizophrenia,  36. S  billion  for  all  mental  illness).   The  cost  of 
schizophrenia  is  slightly  more  than  the  cost  of  cancer  at  18.9  billion.   Yet, 
the  Federal  Research  effort  in  1976  for  cancer  was  600  million  dollars  com- 
pared to  10  million  for  schizophrenia.   Thus,  cancer  spends  3.2  percent  of  its 
cost  on  research,  schizophrenia  .05  percent.   For  further  comparison,  the 
Defense  Department  spends  10  percent  of  its  IOC  billion  dollar  budget  on 
research. 

We  present  two  figures  projecting  the  cost  of  schizophrenia.   Both  figures 
assume  that  we  will  continue  to  have  six  percent  inflation  over  the  next  30 
years;  health  care  has  actually  gone  up  much  more  rapidly  in  recent  years. 
Twenty-nine  years  (Figure  1)    from  now  the  nation  will  be  spending  114  billion 
dollars  on  schizophrenia.   The  cumulative  toll  will  be  one  trillion  seven 
hundred  billion  dollars  (Figure  2).  • 

The  second  line  on  the  figures  assumes  that  through  basic  research  we  can 
prevent  ten  percent  of  schizophrenia  by  1986,  another  ten  percent  by  1996. 
These  estimates  are  used  only  as  an  exercise  and  there  is  no  current  reason 
to  believe  this  can  be  achieved.   If  such  assumptions  are  correct  however,  the 
cost  of  schizophrenia  in  2006  will  be  21  billion  dollars  less  than  it  would  be 
otherwise  and  the  cumulative  total  225  billion  dollars  less. 

It  is  necessary  to  emphasize  the  importance  of  exploring  the  basic  nature  of 
schizophrenia  in  order  to  reduce  its  enormous  cost.   Maintenance  therapy  (the 
necessary  alternative  for  a  majority  of  schizophrenics)  is  extremely  expensive. 
For  example,  the  current  cost  of  maintaining  50.000  kidney  patients  on  high 
technology  dialysis  is  one  billion  dollars.   Undoubtedly,  the  cost  of  main- 
taining a  majority  of  the  nation's  2,000,000  scliizophrenics  will  become  higher 
as  our  technology  improves.   The  Salk  vaccine  which  came  from  a  basic  under- 
standing of  polio  has  enabled  us  to  prevent  this  disease.   This  vaccine  saved 
the  nation  six  billion  dollars  in  its  first  six  years  of  use.   In  order  to 
reduce  the  staggering  cost  of  schizophrenia,  more  funds  must  be  directed  at 
the  understanding  of  this  disorder  through  basic  research  so  that  we  can  either 
prevent  or  cure  it. 
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During  the  past  year  the  name  of  the  Branch  was  changed  from  Adult  Psychiatry 
Branch  to  Biological  Psychiatry  Branch,  which  is  more  commensurate  with  the 
current  focus  of  the  investigations  in  the  Branch.   It  also  allows  us  to 
officially  include  the  child  research  program  which  has  been  developed  over 
the  last  few  years.   Many  of  our  protocols  are  in  the  data  collection  phase 
while  others  have  been  completed  and  the  work  is  in  the  process  of  being 
analyzed  and  published.   However,  investigations  of  the  psychopharmacology 
unit,  the  psychogenetic  unit,  and  the  drug  abuse  unit  are  still  in  the  initial 
data  collection  period.   Approximately  60  papers  were  published  or  accepted 
for  piiblication  in  the  past  year,  indicating  that  a  number  of  the  investiga- 
tions have  already  produced  results. 

The  administrative  and  research  functions  of  the  eight  sections  or  units  in 
the  BPB  are  briefly  reviewed  below. 

During  the  past  year.  Dr.  Post  was  named  Chief  of  the  Section  on  Psychobiology. 
Due  to  the  volume  of  his  piiblications,  his  contribution  of  a  significant 
scientific  body  of  information,  and  his  administrative  skills  he  is  the  first 
member  of  the  Branch  to  be  appointed  as  a  Section  Chief.   In  the  past  year 
the  work  in  this  Section  focused  on  cerebrospinal  fluid  strategies  including 
CSF-norepinephrine  and  CSF  electrolytes  as  an  approach  to  the  study  of  brain 
mechanisms  in  relation  to  behavior.   Dopamine  mechanisms  in  mania  and  de- 
pression were  investigated  through  the  use  of  receptor  antagonists  such  as 
pimozide  and  receptor  agonists,  i.e. ,  piribedil.   The  effect  of  sleep  depriva- 
tion in  acutely  decreasing  depressive  psychopathology  was  studied.   Dr.  Post 
has  continued  his  work  on  animal  models  of  psychopathology,  focusing  on 
electrical  and  pharmacological  kindling  phenomena. 

The  Section  on  Neuropsychopharmacology  is  involved  in  genetic,  pharmacologi- 
cal, biochemical  and  psychological  studies  of  acute  schizophrenia.   Dr.  van 
Kammen  heads  this  Unit.   Investigations  in  this  unit  continue  to  evaluate  the 
dopamine  hypothesis  of  schizophrenia.   A  double-blind  study  has  documented 
the  efficacy  of  the  specific  dopamine  receptor  blocker,  pimozide,  in  the 
treatment  of  schizophrenic  symptomatology  and  has  delineated  an  appropriate 
dose  range.   The  existence  of  paradoxical  effects  of  amphetamine  has  been 
shown  in  severely  psychotic  patients.   A  subgroup  of  acutely  psychotic  patients 
who  remit  after  withdrawal  from  therapeutically  recommended  doses  of  neuro- 
leptics has  been  identified  and  studied. 

Dr.  Gershon  is  Unit  Chief  of  the  Section  on  Psychogenetics.   The  goals  of 
this  Section  involve  the  identification  of  biological  and  psychological 
factors  that  are  genetically  transmitted  in  major  psychiatric  disorders  and 
the  development  of  pharmacological  and  pharmacogenetic  studies  of  psychoactive 
agents  in  well-state  patients  and  normal  controls.   The  biological  and  psycho- 
logical data  collection  phase  of  investigations  of  hundreds  of  patients  will 
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be  completed  within  the  next  year.   Data  analysis  is  already  in  progress.   A* 
series  of  new  pharmacological  protocols  for  utilization  in  well  outpatient 
studies  are  being  developed  by  this  Unit  in  order  to  search  for  pharmacologi-   ' 
cal  markers  which  produce  a  reliable  psychological  or  biochemical  change  in 
the  patient  and  which  segregate  with  the  illness  in  pedigrees. 

Two  additional  child  psychiatrists  have  joined  the  Unit  on  Childhood  Mental 
Illness,  Dr.  Judith  Rapoport  and  Dr.  Donald  McKnew.   A  pharmacokinetic  study 
on  utilization  of  amphetamine  in  hyperactive  children  has  been  completed  by 
Dr.  Brown  and  Dr.  Ebert.   It  clearly  represents  the  first  accumulation  of      ^ 
such  cjata  in  this  patient  population.   A  doiible-blind  high  risk  study  of  the   ' 
children  of  parents  hospitalized  for  affective  illness  is  underway  following 
an  initial  pilot  study.   Dr.  Rapoport  has  conducted  a  study  of  the  effect  of 
amphetamine  in  normal  children  and  is  in  the  process  of  studying  the  effects 
of  pharmacological  agents  in  children  with  enuresis.   The  child  program 
continues  in  collaboration  with  the  LCS  and  Drs.  Kopin  and  Ebert.   In  addi- 
tion, children  have  been  hospitalized  and  studied  in  collaboration  with  Dr. 
James  Sidbury  Jr. ,  Scientific  Director  for  Intramural  Research,  National 
Institute  of  Child  Health  and  Human  Development. 

Dr.  Glen  Davis  continues  to  head  the  small  Drug  Abuse  Unit.   Dr.  Davis  took 
the  lead  in  initiating  a  study  in  collaboration  with  Dr.  van  Kammen's  unit 
and  Dr.  Wyatt's  program  at  St.  Elizabeth's  Hospital  to  investigate  the  effect 
of  narcotic  antagonists  on  mood  and  psychotic  thinking.   The  results  of  this 
work,  published  in  Science,  demonstrate  that  it  is  unlikely  that  endogenous 
opiate-like  substances  play  a  significant  role  in  hallucinosis  and  psychosis 
of  schizophrenia.   Additional  work  has  been  completed  with  Dr.  Buchsbaxim 
studying  the  mood  component  of  the  experience  of  pain  in  unipolar  and  bipolar  ( 
depressed  patients  and  the  effect  of  drugs  on  this  phenomenon.   Attempts  to 
study  the  effectiveness  of  pharmacological  agents  in  blocking  behavioral 
components  of  the  "high"  of  various  drugs  of  abuse  continue.   Although  a  few 
patients  have  been  admitted  to  these  protocols  and  have  been  studied,  it 
remains  difficult  to  recruit  such  patients  and  to  conduct  such  studies  due  to 
the  extreme  unreliability  of  this  population.   At  the  present  rate  it  will 
take  four  to  eight  years  to  accumulate  a  sufficient  number  of  patients  for 
these  investigations. 

Dr.  C.  Gillin  and  Dr.  R.  Wyatt  are  coordinating  the  scientific  efforts  of  the 
Unit  on  Sleep.   Dr.  Sitaram  has  taken  the  lead  in  studying  the  relationship 
of  acetylcholine  to  REM  sleep,  while  Dr.  Mendelsohn  has  investigated  the 
relationship  between  biogenic  amines  and  pituitary  hormone  secretion.   Studies 
on  the  alterations  of  sleep  during  the  switch  process  have  continued. 

Dr.  Monty  Buchsbaum  heads  the  Unit  on  Perceptual  and  Cognitive  Studies. 
During  the  last  year  the  Unit  has  continued  its  work  using  a  biochemical  high  . 
risk  strategy,  explored  the  ways  of  relating  human  pain  response  in  normals   v 
and  patients  to  the  endorphin  system,  and  developed  mathematical  tools  to 
approach  measures  of  electrophysiological  response  stereopathy. 

The  Section  on  Biochemistry  and  Pharmacology  has  been  extremely  productive 
during  the  past  year.   Basic  work  relevant  to  the  neurosciences  has  been  pub- 
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lished  by  each  of  the  five  senior  scientists  in  the  Section  during  the  past 
year,  Drs.  Tallman,  C.  Pert,  A.  Pert,  Gallager  and  Kafka.  In  addition  to 
this,  each  of  these  individuals  has  conducted  collaborative  clinical  studies 
with  each  of  the  clinical  programs.   In  the  basic  area,  research  continues  on 
opiate  receptors  and  their  endogenous  ligands,  and  on  the  beta  adrenergic 
receptor  and  the  ability  of  beta  adrenergic  agonists  to  activate  adenylcyclase 
in  cultured  hela  cells.   Work  also  continues  on  studies  of  artificial  bipolar 
lipid  membranes.   Collaborative  studies  with  the  various  clinical  units 
involve  the  development  of  assays  for  cyclic-AMP  and  GMP,  gamma-aminobutyric 
acid,  and  enkephalins  in  CSF. 

One  of  the  most  striking  aspects  of  the  current  research  efforts  in  the 
Branch  has  been  the  interaction  and  collaboration  among  the  basic  and  the 
clinical  scientists.   Although  I  have  discussed  this  a  number  of  times  in 
previous  Annual  Reports,  and  although  I  have  seen  various  attempts  at  such 
collaboration,  the  current  degree  of  collaboration,  the  ability  to  move 
rapidly  and  develop  new  assays  in  man  which  have  never  been  utilized  before, 
is  a  phenomenon  that,  to  my  knowledge,  is  unparalleled  anywhere  in  the  world 
in  psychobiological  research.   The  capability  and  the  genuine  interest  of  our 
small  group  of  basic  scientists  in  collaborating  on  clinical  studies  deserves 
unusual  notice  and  high  praise.   The  flexibility  that  it  provides  to  move 
into  new  areas  and,  conversely,  to  give  up  old  and  unproductive  areas,  is 
critical  to  the  best  utilization  of  the  resources  of  the  Branch.   The  rigor- 
ousness  of  the  thinking  of  the  basic  scientists  concerning  the  design  and 
analysis  of  the  clinical  data  is  also  most  important. 

The  study  of  receptors  in  animals  and  man  continues  to  unite  many  of  the 
investigations  within  the  Branch.   At  the  basic  level,  an  iinderstanding  of 
receptor  mechanisms  is  being  searched  for.   A  variety  of  receptors  is  being 
studied,  and  receptor  binding  techniques  are  being  utilized.   In  the  clinical 
area,  theories  have  been  developed  concerning  the  possibility  that  receptor 
sensitivity  may  be  altered  in  mania,  depression  and  schizophrenia.   Pharmaco- 
logical agents  which  block  or  activate  specific  receptors  are  being  used  in 
double-blind  clinical  trials. 

One  last  issue  is  important  to  note  and  that  is  the  fact  that  the  new  Ambula- 
tory Care  Research  Facility  construction  involves  disruption  of  most  of  the 
activity  on  the  second  floor.   Knowledge  of  this  impending  disruption  has 
caused  a  major  morale  problem.   The  disruption  of  activities  on  the  second 
floor  will  involve  the  BPB  laboratories  of  the  Unit  on  Perceptual  and  Cogni- 
tive Studies,  the  offices  of  the  Unit  on  Childhood  Mental  Illness,  most  of 
the  laboratories  of  the  Section  on  Biochemistry  and  Pharmacology,  and  ward  2- 
West.   Continuation  of  efforts  to  develop  clearcut  alternative  sites  and 
turnaround  space  for  these  laboratories  and  to  develop  plans  so  that  a  miniir.um 
of  disruption  is  experienced  by  these  scientists  is,  in  my  opinion,  the  mosc 
important  administrative  issue  which  faces  the  Branch  and  the  Division  during 
the  coming  years  of  constructipn. 
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Annual  Report  of  the  Clinical  Neuropharmacology  Branch 

National  Institute  of  Mental  Health 

July  1,  1976  -  September  30,  1977 

Dennis  L.  Murphy,  M.D.,  Chief 

The  former  Section  on  Clinical  Neuropharmacology  of  the  Laboratory  of 
Clinical  Science  was  converted  to  an  independent  Branch  in  February,  1977. 
Dennis  L.  Murphy,  M.D.  (Chief),  Jonathan  L.  Costa,  M.D.,  PhD.  and  Carol 
Hoover,  D.S.W.  are  the  professionals  in  the  Branch  with  regular  staff  ap- 
pointments. The  clinical  research  program  of  the  Branch  is  conducted  on  the 
3-East  patient  unit  in  the  Clinical  Center.  In  addition  to  a  highly  capable 
group  of  clinical  associates  and  support  staff,  the  Branch  has  benefitted 
in  the  last  year  from  two  exceptional  visiting  staff.  Dr.  Paul  Grof,  Professor 
at  McMaster  University  in  Canada  and  Dr.  Robin  Murray  from  the  Maudsley 
Institute  of  Psychiatry  in  London. 

A  major  clinical  research  focus  in  the  last  year  was  a  pilot  crossover 
study  comparing  the  effects  of  two  monoamine  oxidase  (MAO)  inhibiting  drugs, 
clorgyline  and  pargyline.  Recent  developments  from  biochemical  studies  of 
MAO  have  identified  two  forms  of  this  enzyme  with  selective  effects.  MAO-A 
preferentially  deaminates  serotonin  and  norepinephrine,  while  MAO-B  deaminates 
phenyl  ethyl  amine  and,  in  human  brain,  dopamine.  In  studies  in  vitro,  clorgyline 
is  over  500  times  more  active  against  MAO-A  than  MAO-B,  and  pargyline  has  a 
similar  preferential  ability  to  inhibit  MAO-B.  In  our  clinical  study,  we  have 
some  preliminary  evidence  that  this  specificity  is  maintained  in  vivo  in  man. 
Drs.  Campbell  and  Shi  ling  have  established  assays  for  plasma  levels  of  these 
substances.  Both  drugs  appear  to  be  effective  antidepressant  agents,  but 
results  are  not  yet  available  from  other  studies  on  sleep  changes,  urinary 
and  CSF  metabolites  and  psychological  and  psychophysiological  measures  to 
indicate  what  physiologic  and  behavioral  consequences  might  attend  preferential 
inhibition  of  these  two  forms  of  the  enzyme.  Dr.  Lipper  did  an  exemplary  job 
as  director  of  this  project  in  its  first  year. 

A  second  area  of  concentrated  investigation  on  the  clinical  unit  in  the 
last  year  was  the  neuroendocrine  correlates  of  treatment  with  several  psycho- 
active drugs.  These  studies,  which  were  directed  by  Dr.  Slater,  identified 
prolactin  elevations  during  both  clorgyline  and  pargyline  treatment.  An 
intensive  investigation  of  the  neuroendocrine  affects  of  lithium  administration 
is  in  the  data  analysis  stage.  These  studies  were  accomplished  in  conjunction 
with  Drs.  Sklyer  and  Lovenberg  from  NHLBI.  Because  some  of  the  observations 
from  last  year's  study  of  the  neuroendocrine  changes  with  other  drugs  might 
result  from  changes  in  the  sleep-making  cycle,  combination  sleep-neuroendocrine 
investigations  are  now  under  way  in  collaboration  with  Drs.  Gillin  and 
Mendel  son. 

In  other  investigations  accomplished  collaboratively,  psychological  test 
differences  between  bipolar  and  unipolar  patients  studied  by  Dr.  Donnelly  with 
our  group  were  found  to  be  a  replicable  distinction  in  a  new,  larger  patient 
sample.  Depression-related  phenomena  in  verbal  learning  and  information  pro- 
cessing studied  by  Dr.  Weingartner  with  our  group  have  been  objectively 
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characterized.  A  study  on  the  marital  conflict  of  manic-depressive  patients, 
as  registered  on  the  Conflict  in  Marriage  Scale  (CIMS)  is  being  carried  out 
by  Dr.  Hoover  in  collaboration  with  Dr.  Roy  Fitzgerald,  a  former  clinical 
associate.  A  sample  of  parents  of  manic-depressive  patients  is  also  being 
evaluated  using  the  CIMS. 

Investigations  of  platelet  monoamine  oxidase  in  relation  to  psychopathology 
have  been  directed  recently  toward  studies  in  normal  populations  —  particularly 
in  work  accomplished  by  Drs.  Buchsbaum,  Kaier  and  Schooler.  Replication  of 
earlier  work  indicating  associations  between  personality  characteristics 
(especially  sensation  seeking  features  and  tendencies  towards  increased  psycho- 
pathology)  and  platelet  MAO  activity  was  successfully  accomplished  in  a  large, 
independent  sample  of  college  students.  Studies  of  psychiatric  patients  using 
more  refined  means  to  characterize  individuals  have  focussed  attention  on 
certain  features  of  chronic  schizophrenic  patients  such  as  paranoia  as  most 
closely  correlated  with  decreased  MAO  activity.  Biochemical  studies  of  dif- 
ferent human,  monkey  and  rodent  tissues  have  added  further  information  indicat- 
ing that  MAO  types  A  and  B  are  separate  enzymes.  In  parallel  with  the  clinical 
study  of  clorgyline  and  pargyline  on  our  unit.  Dr.  Campbell  has  conducted  a 
collaborative  study  with  NHLBI  investigators  of  the  chronic  effects  of  these 
drugs  in  rats. 

In  continuing  investigations  of  the  processes  regulating  the  dynamics 
of  uptake,  storage,  and  secretion  of  biogenic  amines  by  human  platelets. 
Dr.  Costa  has  made  innovative  use  of  a  wide-ranging  variety  of  techniques. 
The  platelet  vesicular  content  of  metal  ion^  and  phosphorous  has  been  examined 
with  an  electron  microprobe  X-ray  analysis  system.  Contrary  to  earlier  hypo- 
thesis, it  seems  unlikely  that  calcium,  phosphorous  and  serotonin  are  stored 
as  a  micellar  complex,  since  total  vesicular  calcium  and  phosphorous  do  not 
change  following  large  alterations  in  serotonin  content.  Based  on  studies  with 
3lp  nuclear  magnetic  resonance  techniques,  it  appears  that  while  the  uptake  of 
serotonin  into  vesicles  may  be  associated  with  a  proton  gradient,  the  plasma 
membrane  uptake  of  serotonin  does  not  proceed  by  a  similar  mechanism.  Serotonin 
studies  made  possible  by  Dr.  Costa's  thrombin-formaldehyde  methodology  have 
demonstrated  that  platelets  appear  capable  of  a  graded  secretory  response 
rather  than  an  all-or-none  type  of  secretion.  Plasma  membrane  uptake  of  sero- 
tonin is  little  affected  by  metabolic  poisons  or  the  presence  of  cytoplasmic 
serotonin,  but  is  inhibited  completely  during  the  secretory  response.  Overall, 
it  appears  that  amine  dynamics  in  platelets  are  more  complex  than  less  exact 
techniques  available  for  studies  in  other  amine-storing  tissues  indicated. 
Ultimately  we  hope  to  apply  these  techniques  to  examine  the  affects  of  psycho- 
active drugs  on  aminergic  function  using  the  platelet  model. 
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Annual  Report  of  the  Clinical  Psychobiology  Branch 

National  Institute  of  Mental  Health 

Frederick  K.  Goodwin,  M.D. 

During  this  last  year,  the  Section  on  Psychiatry,  Laboratory  of  Clinical 
Science  was  elevated  to  Branch  status,  and  designated  the  Clinical  Psycho- 
biology  Branch.  The  new  Branch  has  been  organized  into  four  functional 
units: 

The  Clinical  Research  Unit,  Dr.  Thomas  Wehr,  Chief 
The  Unit  on  Neurochemistry,  Dr.  Paul  Marangos,  Chief 
The  Outpatient  and  Follow-Up  Unit,  Dr.  Philip  Gold,  Chief 
The  Unit  on  Family  Studies,  Mrs.  Yolande  Davenport,  Chief 

These  separate  units  have  been  designated  to  clarify  lines  of  adminis- 
trative responsibility.  Scientifically,  all  of  the  units  are  closely 
integrated,  and  many  of  the  individual  projects  involve  the  participation 
of  more  than  one  unit.  Similarly,  although  each  person  in  the  branch  is 
primarily  located  in  one  unit,  many  duties  and  assignments  overlap. 

The  last  year  has  seen  major  growth  in  the  size  and  scope  of  the 
research  program,  coincident  with  the  creation  of  the  separate  branch   The 
major  growth  areas  have  been  as  follows: 

•  .1.   The  neurochemistry  laboratory:  although  space  and  personnel 
limitations  have  been  real  factors,  the  rather  remarkable  growth  of  the 
laboratory  program  reflects  Dr.  Marangos'  success  in  establishing  fruitful 
collaborations  with  a  variety  of  other  laboratories  within  our  institute 
and  other  institutes. 

2.  The  outpatient  program  has  grown  substantially,  and  will  continue 
to  grow  as  resources  permit,  in  anticipation  of  the  ambulatory  care  facility 
The  substantial  increase  in  the  number  of  patients  treated  has  been  made 
possible  by  the  assignment  of  Dr.  Gold  to  the  outpatient  department  as  his 
major  clinical  and  administrative  responsibility,  by  the  assignment  of  Dr. 
Zis  (a  visiting  scientist)  to  the  outpatient  department,  by  shifting  some 

of  Mrs.  Davenport's  clinical  duties  from  the  inpatient  unit  to  the  outpatient 
unit,  and  by  the  substantial  contribution  of  Ms.  Gay  Grover,  assigned  by 
the  psychiatric  nursing  service  to  the  outpatient  unit. 

3.  Study  of  the  activity-rest  cycle  in  manic-depressive  illness  and 
in  normals  has  expanded.  Dr.  Wehr  has  become  the  only  clinical  investigator 
in  the  Intramural  Research  Program  whose  major  research  focus  is  on  activity 
studies.  A  close  working  relationship  between  Dr.  Wehr  and  the  Technical 
Development  Section  (Ted  Colburn)  has  developed,  allowing  Dr.  Wehr  to 
participate  in  the  ongoing  development  and  improvement  of  the  activity 
monitors  and  the  data  collection  systems.  The  formation  of  a  unit  on 
activity  studies  is  being  proposed  in  order  to  coordinate  a  wide  variet^'  of 
studies  and  to  standardize  methodological  and  analytical  techniques. 
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4.  The  development  by  Drs.  Lewy  and  Markey  of  a  highly  specific  and 
sensitive  gas  chromatographic-mass  spectroscopic  assay  for  melatonin  represents 
a  breakthroughs  the  initiation  by  Dr.  Lewy  of  intraventricular  studies  in 
monkeys  (in  collaboration  with  Dr,  Ebert)  is  an  important  related  development. 

5.  The  neuroendocrine  studies  under  Dr.  Gold  have  expanded  rapidly. 
Here  too  the  growth  reflects  Dr.  Gold's  success  in  establishing  workable 
collaborative  relationships  with  other  groups,  both  in  and  outside  the  NIH. 
Many  of  these  collaborations  have  grown  out  of  Dr.  Gold's  position  as  the 
NIMH  representative  in  the  NIH  Intrainstitute  Endocrine  Program. 

Clinical  studies  of  patients  with  affective  and  schizoaffective  illnesses 
entail  the  integration  of  biochemical,  pharmacological  and  behavioral 
observations.  Much  of  the  effort  of  the  Branch  must  be  devoted  to  ongoing 
development  of  methods  in  these  areas  and  to  the  evaluation  of  a  variety  of 
sources  of  variance  in  the  data  obtained.  In  the  clinical  sphere,  the  new 
Research  Diagnostic  Criteria  of  Spitzer,  et  al_.  are  being  evaluated. 
Application  of  the  SADS  (Schizophrenia  and  Affective  Disorder  Rating  System) 
instrument  has  been  implemented,  with  the  goal  of  increasing  the  precision 
of  diagnostic  and  clinical  descriptive  subtypings  for  later  correlations  of 
responses  with  biological  and  pharmacological  variables. 

Patients  with  well-established  histories  of  regular  cycles  or  affective 
disorders  are  being  studied  with  particular  emphasis  on  whether  the  predicted 
"switch"  days  can  be  advanced  or  retarded  by  various  behavioral  modifications 
such  as  sleep  deprivation,  day-night  reversal,  or  maintaining  the  patient 
on  several  consecutive  "21 -hour  days."  The  evidence  suggests  that  a  series 
of  21 -hour  days  can  result  in  a  change  in  cycle  length  in  the  predicted 
direction. 

In  collaboration  with  Drs.  Markey  and  Zavadil,  we  have  continued  our 
studies  of  levels  of  imipramine  (IMI)  and  desmethylimipramine  (DMI)  in  the 
plasma  and  CSF  of  patients  receiving  IMI  as  an  antidepressant.  There  is  a 
very  high  correlation  between  the  level  of  both  drugs  in  plasma  and  in  CSF, 
but  the  ratio  of  DMI  to  IMI  is  higher  in  the  CSF  than  in  the  plasma;  this 
has  important  implications  since  the  effects  of  IMI  administration  on  the 
serotonin  metabolite  in  CSF  shows  a  positive  correlation  with  IMI  levels 
but  no  correlation  with  DMI  levels.  Clinical  response  to  imipramine  cogrelates 
with  levels  of  IMI,  but  not  DMI,  in  plasma  and  CSF.  The  affinity  of  C 
imipramine  for  brain  tissue  has  been  shown  to  be  45  times  greater  than  for 
plasma  protein,  a  finding  which  probably  renders  meaningless  the  studies  of 
plasma  protein  "binding"  by  equilibrium  dialysis  against  buffer. 

Studies  of  metabolites  of  amines  in  CSF  utilize  probenecid  to  block 
transport  of  acid  metabolites  from  the  CSF  to  blood.  Continued  collection 
of  data  on  drug-free  depressed  patients  has  resulted  in  a  total  sample  size 
large  enough  to  examine  the  possibilities  of  the  existence  of  subgroups.  A 
non-normal  distribution  is  evident  for  the  rate  of  probenecid-induced 
accumulation  of  the  serotonin  metabolite  (5HIAA);  however,  much  of  the  non- 
normal  distribution  is  related  to  sex  differences  in  5HIAA.  Responders  to 
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imipramine  show  significantly  higher  pretreatment  5HIAA  as  compared  to  non- 
responders.  Probenecid  levels  in  CSF  have  been  found  to  correlate  with 
metabolite  accumulation  but  the  extent  of  this  correlation  is  most  pronounced 
in  the  bipolar  patient  group. 

In  collaboration  with  the  National  Naval  Medical  Center,  a  study  of 
CSF  amine  metabolites  in  alcoholics  in  the  withdrawal  phase  and  on  disulfiram 
treatment  has  been  completed;  findings  indicate  increased  levels  of  5HIAA 
during  the  acute  intoxication  withdrawal  phase  followed  by  a  decrease  in 
the  abstinence  phase  to  levels  below  that  of  controls. 

Urinary  3-methoxy-4-hydroxyphenyl glycol  (MHPG),  a  norepinephrine 
metabolite,  is  influenced  by  a  variety  of  factors  such  as  stress,  diet,  and 
physical  activity  in  depressed  patients,  but  not  in  normal  controls.  This 
observation  raises  an  important  methodological  question  concerning  the 
usefulness  of  normal  subjects  as  controls  for  the  contribution  of  these 
variables  to  amine  metabolite  changes  in  depressed  patients  and  suggests 
that  defective  "buffering"  systems  for  the  regulation  of  norepinephrine 
turnover  should  be  considered  in  affective  illness.  There  is  a  clear 
diurnal  pattern  for  urinary  MHPG  excretion  within  normal  controls,  and  in 
depressed  patients,  but  the  timing  of  the  pattern  is  significantly  different 
in  the  two  groups.  Longitudinal  studies  of  urinary  MHPG  in  cyclic  manic- 
depressive  patients  indicate  that,  in  the  same  patient,  greater  amounts  of 
this  metabolite  are  excreted  in  the  manic  phases  than  in  the  depressive 
phases.  However,  it  appears  that  the  urinary  MHPG  alterations  follow  an 
erratic  pattern  of  fluctuation  which  is  somewhat  out  of  phase  with  the  mood 
cycle.  To  examine  possible  cause-effect  relationships,  this  data  is  now 
being  subjected  to  time-series  analysis,  including  complex  demodulation. 

Previous  work  done  in  collaboration  with  Dr.  Murphy,  showed  that  L- 
tryptophan  (at  doses  up  to  9  gms  a  day)  produces  little  or  no  antidepressant 
or  antimanic  effects.  When  this  amino  acid  precursor  of  serotonin  is 
administered  following  pretreatment  with  lithium,  however,  behavioral 
effects  become  apparent.  Preliminary  data  suggest  that,  used  in  this  way, 
tryptophan  has  some  antidepressant  effects,  and  in  high  doses  may  have 
psychotogenic  effects,  particularly  in  individuals  who  are  already  manic. 

A  serotonin  receptor  blocker,  cyproheptadine,  is  being  tried  as  an 
antidepressant;  there  is  evidence  that  this  drug  can  decrease  the  hyperactivity 
of  the  hypothalamic-pituitary-adrenal  axis  (HPA)  in  Cushing's  disease 
(decrease  the  positive  serotonin  drive  to  the  HPA)  and  that  this  axis  may 
be  hyperactive  in  some  forms  of  depressive  illness,  particularly  unipolar 
depression  with  high  anxiety  and/or  psychosis.  Results  are  as  yet  inconclusive, 
although  one  of  the  two  patients  treated  with  the  drug  to  date  appeared  to 
have  a  clearcut  antidepressant  response. 

In  collaboration  with  Dr.  Post,  the  efficacy  of  pimozide  in  the  treat- 
ment of  manic  psychosis  is  under  investigation.  This  drug  is  being  compared 
with  chlorpromazine  as  a  reference  neuroleptic.  Some  manic  patients  have 
responded  dramatically,  but  others  have  shown  only  a  gradual  and  incomplete 
improvement.  Enhanced  probenecid-induced  accumulation  of  HVA  in  CSF  of 
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patients  on  pimozide  is  not  as  consistent  as  is  seen  in  patients  treated 

with  chlorpromazine.  ^ 

Longitudinal  studies  of  behavioral,  physiological  and  biochemical 
variables  in  patients  with  affective  illness  are  being  conducted  by  Dr.  Thomas 
Wehr.  Some  patients  with  regularly  cycling  bipolar  affective  illnesses 
show  circadian  desynchronization  in  temperature  so  that  the  normal  rhythm 
is  no  longer  "locked  in"  to  the  environmental  day/night  cycle,  but  tends  to 
drift  in  and  out  of  phase.  Alteration  in  this  normal  cycle  has  not  only 
been  found  to  occur  spontaneously  in  some  patients,  but  can  be  manipulated  f^ 
by  such  procedures  as  day/night  reversal  and  artificial  21 -hour  days. 

Studies  of  the  activity-rest  cycle:  In  collaboration  with  the  Section 
on  Technical  Development  a  new  ambulatory  non-telemetric  physiological 
monitor  has  undergone  continued  development  and  testing  in  both  inpatients 
and  outpatients.  Using  these  monitors  clear  and  significant  differences  in 
activity  between  manic  and  depressed  patients  can  be  demonstrated  and  some 
sleep  parameters  can  be  monitored.  The  relationship  between  biological 
rhythms  and  various  neuroendocrine  parameters  in  cyclic  manic-depressive 
illness  has  also  been  explored. 

A  group  of  neuroendocrine  studies  have  been  undertaken  by  Dr.  Philip 
Gold.  Arginine,  TRF,  and  LRF  are  administered  simultaneously  and  blood 
levels  of  TSH,  prolactin,  growth  hormone,  FSH,  and  LH  are  examined.  Since 
each  of  these  systems  are  regulated  by  aminergic  pathways  which  may  be 
different  but  overlap,  the  integrated  evaluation  may  allow  for  a  more 
precise  "window"  into  brain  amine  systems.  Previous  reports  of  a  blunted 
TSH  response  to  TRH  in  depressed  patients  have  been  confirmed  and  a  significa 
difference  between  unipolar  (lower)  and  bipolar  (higher)  patients  has  been 
found.  The  TSH  response  to  TRH  is  negatively  correlated  with  probenecid- 
induced  accumulation  of  5HIAA  in  CSF.  The  growth  hormone  response  to  L- 
DOPA  is  significantly  lower  in  unipolar  compared  to  bipolar  depressed 
patients. 

Studies  of  the  response  of  urinary  excretion  of  free  Cortisol  (UFC) 
have  confirmed  that  some  depressed  patients  fail  to  suppress  Cortisol 
excretion  in  response  to  dexamethasone.  Baseline  UFC  levels  are  significantly 
elevated  in  unipolar  patients  with  psychosis  and  among  unipolar  patients 
the  UFC  measure  correlates  positively  with  CSF  5HIAA. 

Outpatient  studies  have  been  expanded  to  examine  and  followup  patients 
in  a  "well  state"  during  maintenance  on  lithium  combined  with  psychotherapy, 
and  for  comparison  of  the  efficacy  of  lithium  versus  lithium  plus  imipramine 
in  preventing  recurrence  of  affective  illness. 

( 
Under  the  direction  of  Dr.  Paul  Marangos,  studies  have  been  initiated 

on  brain  proteins  and  polypeptides  and  how  they  are  altered  by  psychoactive 

drugs.  Dr.  Marangos  has  continued  work  (started  at  the  Roche  Institute)  on 

neuron  specific  protein  (NSP)  and  has  characterized  it  as  having  enolase 

properties.  A  second  enolase  has  been  characterized  and  found  to  be  localized 

exclusively  in  glial  cells.  Studies  of  neuroblastoma  cells  in  culture 
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(with  Eberhard  Trams)  support  the  notion  that  NSP  is  a  molecular  marker  of 
differentiation  in  these  cells.  The  functional  significance  of  the  neuronal 
and  non-neuronal  form  of  brain  enolase  is  being  explored  in  relation  to 
brain  energy  metabolism.  In  addition,  antibodies  to  a  number  of  brain 
specific  proteins  (enzymes  and  receptors)  are  being  prepared  for  use  in 
immunohistochemical  localization  studies. 

Dr.  Alfred  Lewy,  working  in  Dr.  Sandy  Markey's  lab,  has  developed  a 
gas  chromatographic-mass  spectroscopic  (GC-MS)  assay  for  melatonin  that  is 
far  more  specific  and  sensitive  than  any  previously  available  assay.  In 
addition,  an  immunoassay  has  been  developed  and  its  specificity  is  being 
evaluated  by  comparison  with  the  GC-MS  method.  The  sensitivity  of  the  GC- 
MS  assay  (less  than  1  picogram)  will  make  possible  the  detailed  investiga- 
tion of  the  diurnal  pattern  of  this  important  neurohumoral  substance. 


23 


^ 


^' 


Annual  Report  of  the  Laboratory  of  Clinical  Science 
National  Institute  of  Mental  Health 
Irwin  J.  Kopin,  M.D.,  Chief 
July  1,  1976  through  September  30,  1977 

Introduction 

The  research  programs  of  the  Laboratory  of  Clinical  Science 
range  in  scope  from  studies  directed  at  elucidating  fundamental 
molecular  mechanisms  of  neuronal  activity  to  clinical  investiga- 
tions of  the  biological  bases  for  neuropsychiatric  disorders  and 
for  rational  pharmacological  treatments  of  these  disorders. 
During  this  year,  two  of  the  six  Sections  of  the  Laboratory 
(Section  on  Psychiatry  and  Section  on  Clinical  Neuropharmacology) 
have  themselves  become  separate  laboratories  so  that  there  remain 
a  total  of  four  Sections  (Experimental  Therapeutics,  Histopharma- 
cology.  Medicine,  and  Pharmacology) .   In  the  Office  of  the  Chief 
there  are  two  Units  (Clinical  Biochemistry  and  Pharmacological 
Applications  of  Mass  Spectroscopy)  which  carry  out  independent 
research  on  development  of  methods  useful  in  clinical  studies. 
These  Units  play  a  major  role  in  support  of  clinical  studies  in 
the  Laboratory  of  Clinical  Science  and  in  other,  particularly 
clinical,  research  carried  out  in  other  branches  of  the  Intra- 
mural Research  Program. 

The  programs  of  research  are  directed  at  understanding 
fundamental  processes  which  are  important  for  function  of  the 
nervous  system,  at  determining  how  genetic  factors,  hormones, 
drugs,  or  environmental  conditions  alter  these  processes,  and  at 
explaining  their  role  in  various  disease  states  and  how  they  may 
be  modified  by  therapeutic  procedures.   These  objectives  are 
attained  in  the  several  sections  of  the  laboratory  through  inde- 
pendent lines  of  investigation  at  various  levels  of  biological 
complexity  combined  with  ample  opportunity  for  rapid  and  effici- 
ent application  of  new  fundamental  concepts,  biochemical  assays, 
and  isotopic  procedures  to  clinical  studies.   There  is  also 
stimulation  of  basic  research  by  questions  raised  in  clinical 
investigations.   The  common  interests  and  cross-fertilization  of 
the  clinical  and  fundamental  research  programs  is  not  limited  by 
the  administrative  divisions  of  the  laboratory  and  there  is  con- 
siderable collaboration  between  the  various  independent  units  and 
sections  within  the  laboratory  as  well  as  with  other  laboratories 
in  NIMH  or  in  other  institutes  of  NIH. 

Section  on  Pharmacology 
Julius  Axelrod,  Ph.D.,  Chief 

The  investigations  in  the  Section  on  Pharmacology  continues 
to  examine  the  mechanisms  of  release  of  neurotransmitters,  the 
interactions  of  neurotransmitters  with  receptors,  and  the  role  of 
neurotransmitters  in  neuroendocrine,  cardiovascular,  and  brain 
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function  as  well  as  the  biochemical  processes  for  synthesis  and* 
metabolism  of  neurotransmitters.  /■ 

A  sensitive  method  for  determination  of  catechol  estrogens 
(a  major  metabolite  of  estrogen)  has  been  developed  (Drs.  Paul 
and  Axelrod) ,  making  possible  measurement  of  tissue  levels  of 
this  physiologically  active  compound.   Catechol  estrogens  have 
been  found  in  the  brain  and  the  pituitary  gland,  as  well  as  in 
the  ovary.   The  enzyme  that  converts  estrogens  to  catechol 
estrogen  has  been  found  in  brain.   It  is  localized  in  microsomes    i 
and  requires  P450  (the  first  such  enzyme  described  in  the  brain).   ' 
Catechol  estrogen  has  been  shown  to  block  estrogen-induced 
stimulation  of  formation  cAMP  in  the  brain  (Drs.  Paul  and 
Skolnick) . 

The  subcellular  localization  of  protein  carboxymethylase  in 
various  lobes  of  the  pituitary  has  been  described  (Drs.  Gagnon 
and  Axelrod) .   Protein  carboxymethylase  is  present  mainly  in  the 
cytosol  of  the  three  pituitary  lobes  (posterior,  anterior  and 
intermediate)  and  in  the  vesicles  of  the  anterior  lobe.   Acceptor 
proteins  for  the  enzyme  are  highly  localized  in  the  intravesicular 
fraction  of  all  three  pituitary  lobes.   When  neurophysin  II  binds 
to  oxytocin  the  conformation  of  neurophysin  is  changed  so  that 
it  is  a  more  effective  substrate  for  protein  carboxymethylation 
(Drs,  Diliberto  and  Chaiken) .   Protein  carboxymethylation  and  its 
acceptor  proteins  have  been  found  to-be  present  in  red  cells  and 
platelets.   Thrombin  stimulates  protein  carboxymethylation  in 
platelets  (Drs.  O'Dea,  Viveros,  and  Axelrod).   There  is  a  rapid,     \ 
transient,  elevation  of  protein  carboxymethylation  when  chemotaxis 
in  leukocytes  is  stimulated  by  a  bacterial  peptide  (Drs.  O'Dea, 
Viveros,  and  Schif fman) .   A  clear  relationship  between  leukocyte 
chemotaxis  and  protein  carboxylation  has  been  established,  indi- 
cating that  such  methylation  is  an  important  event  in 
phagocytosis. 

Previously  we  have  found  elevated  levels  of  phenylethanola- 
mine-N-methyl  transferase  (PNMT)  in  the  brain  stem  in  4-week  old 
spontaneous  hypertensive  (SHR)  rats  (Drs.  Saavedra,  Grobecker, 
and  Axelrod).   In  adult  SHR  rats,  when  blood  pressure  is  fully 
elevated,  PNMT  in  the  brain  stem  returns  to  normal  values.   There 
is  a  decrease  in  levels  of  noradrenaline  and  of  dopamine-3-- hydroxy- 
lase in  selective  areas  of  the  hypothalamus  in  young  and  adult 
SHR  rats  and  in  rats  made  hypertensive  by  administration  of 
desoxycorticosterone  (DOCA)  and  salt.   Immobilization  stress  of 
rats  causes  a  fall  in  adrenaline  and  noradrenaline  in  areas  of      ( 
the  anterior  hypothalamus  physiologically  connected  to  the  function 
of  the  adrenal  medulla  (Drs.  Saavedra  and  Kvetnansky) , 

Catecholamines  have  been  shown  to  be  present  in  individual 
raphe  nuclei  of  the  rat  (Drs.  Saavedra  and  Grobecker).   Inhibition 
of  catecholamine  synthesis  results  in  changes  in  serotonin 
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metabolism  in  selective  raphe  nuclei.   These  results  indicate  a, 
relationship  between  catecholamine  neurons  and  certain  seroto- 
nergic cell  bodies.   Destruction  of  dopamine  cell  bodies  in  Ag 
and  A^o  regions  of  the  brain  by  administration  of  6-hydroxydopa- 
mine  selectively  increased  glutamic  acid  decarboxylase  in  the 
ipsilateral  caudate  nucleus  and  substantia  nigra  indicating  a 
relationship  between  GABAergic  and  dopaminergic  pathways  (Drs. 
Saavedra  and  Kebabian) .   Octopamine  is  present  in  human  platelets 
and  it  is  increased  many-fold  after  the  chronic  administration 
of  monoamine  oxidase  inhibitors  to  depressed  patients  (Drs. 
Saavedra,  Murphy,  and  Settler) . 

P he nyle thy 1 amine  is  present  in  neurons  of  Aplysia   (Drs. 
Saavedra  and  Ribas) .   lontophoretic  applications  of  phenyl- 
ethylamine  to  single  Aplysia  cells  results  in  an  electric 
response  and  changes  in  membrane  permeability  suggesting  that 
phenylethylamine  receptors  might  be  present. 

There  is  a  marked  circadian  rhythm  in  the  post  junctional 
sensitivity  of  the  pineal  cells  to  stimulation  by  6-adrenergic 
agonists  (Drs.  Zatz  and  O'Dea).   Multiple  sites  are  involved  in 
these  changes  in  sensitivity;  alterations  in  6-adrenergic  bind- 
ing sites  on  cell  membrane,  adenylate  cyclase  and  cyclic  AMP- 
dependent  protein  kinase. 

Unlike  cyclic  AMP,  which  is  mainjy  related  to  postsynaptic 
events,  cyclic  GMP  appears  to  be  involved  in  presynaptic  events 
(Drs.  Zatz  and  O'Dea).   Upon  stimulation  of  the  pineal,  cyclic 
GMP  is  released  from  nerves  and  cyclic  AMP  is  released  from 
postsynaptic  cells.   Cyclic  GMP  is  also  liberated  from  pep- 
tidergic nerve  endings  of  the  posterior  pituitary.   The  release 
of  cyclic  GMP  is  dependent  on  Ca++  and  is  related  to  the  exocy- 
totic  release  of  the  neurotransmitter. 

The  two  neurophysin  'carrier'  proteins  which  are  made  by 
cells  in  the  supraoptic  nucleus  of  the  hypothalamus  are  synthe- 
sized as  parts  of  larger  precursor  molecules  (Drs.  Browns tein 
and  Gainer) .   These  precursors  are  first  processed  into  smaller, 
intermediate-sized  proteins,  and  the  intermediates  give  rise  to 
the  neurophysins.   The  two  hormones  of  the  posterior  pituitary — 
vasopressin  and  oxytocin — are  likely  to  be  synthesized  as  parts 
of  the  neurophysin  precursor  proteins. 

Thyrotropin  releasing  hormone  (TRH)  is  present  in  high  con- 
centrations in  the  hypothalamus  (Dr.  Brownstein) .   It  can  be 
released  from  hypothalamic  synaptosomes  by  depolarization  with 
K+  in  the  presence,'  but  not  in  the  absence,  of  Ca++  (Drs. 
Schaeffer,  Brownstein,  and  Axelrod) .   It  is  also  released  from 
hypothalamic  synaptosomes  by  dopamine  and  this  action  is  blocked 
by  antipsychotic  drugs. 
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TBB  is  present  in  a  clone  of  cells  derived  from  retina  (Drs. 
Schaeffer,  Brownstein,  and  Shain)  .   TRfi  is  also  found  in  the 
retina  itself.   The  level  of  TRH  increases  when  animals  are 
exposed  to  light  and  decreases  when  they  are  placed  in  the  dark 
(Drs.  Schaeffer,  Brownstein,  and  Axelrod) .   Thus,  TRH  may  play 
an  important  role  in  vision- 

ACTH  has  been  shown  to  be  present  throughout  the  brain  and 
probably  has  an  important  action  in  the  CNS  distinct  from  its 
role  in  the  periphery  (Drs.  Brownstein  and  Krieger) .   It  is 
found  in  particularly  high  concentrations  in  limbic  structures 
where  its  levels  are  not  altered  by  hypophysectomy.   g-lipotropin 
and  3- endorphin  were  found  in  brains  of  cows  and.  sheep.   The  dis- 
tributions of  these  two  proteins  were  fairly  similar.   On  the 
other  hand,  ACTH  (which  seems  to  be  synthesized  from  the  same 
precursor  protein  as  3-lipotropin  and  6-endorphin)  has  a  somewhat 
different  regional  distribution.   This  hints  at  ±he  importance  of 
peptidase  activity  in  determining  a  cell's  hormonal  character^.. 

The  regional  distribution  of  neurotensin  has  been  determined, 
and  the  effects  of  diverse  lesions  on  the  levels  of  neurotensin, 
substance  P,  TRH,  somatostatin,  and  glutamic  acid  decarboxylase 
have  been  studied  as  well  (Drs.  Brownstein  and  Leeman) . 

Section  on  Histopharmacology 
David  M.  Jacobowitz,  Ph.D.,  Chief 

This  section  carries  out  histochemical  and  neurochemical 
analyses  of  discrete  brain  nuclei  and  neuronal  pathways  in  order 
to  define  the  underlying  bases  for  central  neurotransmitter 
involvement  in  behavioral  regulation. 

Histochemical  and  neurochemical  studies  are  used  to  map  central 
aminergic,  cholinergic,  and  GABAergic  pathways.   Stereotaxic  maps 
of  noradrenergic  pathways  in  the  rat  brain  have  been  prepared. 
A  complete  atlas  of  monkey  brain  showing  the  localization  of  cate- 
cholaminergic  neurons  (cell  bodies  and  nerve  terminals)  and  sero- 
tonin-containing cell  bodies  has  been  prepared  (with  Dr.  Paul 
MacLean) . 

The  ascending  projection  areas  of  the  A5  noradrenergic  cell 
bodies  of  the  rat  brain  was  mapped  (Drs.  Crowley,  Speciale,  and 
Mr.  O'Donohue)  by  microdissection  of  specific  brain  nuclei  and 
catecholamine  analysis  after  discrete  unilateral  lesions  of  the 
A5  noradrenergic  cell  group.   The  lesions  resulted  in  a  reduction 
of  the  norepinephrine  concentration  in  the  medial  preoptic 
nucleus,  anterior  hypothalamus,  median  eminence,  central  amygda- 
loid nucleus,  piriform  cortex,  bed  nucleus  of  the  stria  terminalis 
and  caudate  nucleus.   Surprisingly,  a  reduction  in  dopamine  con- 
centration was  observed  in  the  nucleus  accvanbens,  caudate  nucleus, 
and  the  median  eminence.   These  changes  in  dopamine  suggest  a 
noradrenergic-dopaminergic  interaction . 
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Intraventricular  injection  of  the  antibody  to  dopamine- B- 
hydroxylase  (ADBH)  resulted  in  selective  uptake  of  the  antibody 
in  noradrenergic  nerve  terminals  and  its  transport  by  retrograde 
flow  mainly  to  the  locus  coeruleus  (Dr.  Silver) .   Some  adrenergic 
cells  that  contribute  axons  to  the  ventral  noradrenergic  pathway 
were  observed  to  contain  the  ADBH.   Bilateral  transection  of  the 
dorsal  noradrenergic  bundle,  which  is  derived  from  the  locus 
coeruleus,  prevented  the  retrograde  flow  to  the  locus  coeruleus. 
Injection  of  the  ADBH  into  the  dorsal  bundle  -  median  forebrain 
bundle  resulted  in  the  appearance  of  the  antibody-DBH  complex  , 
into  locus  coeruleus  and  ventral  bundle  cell  bodies  (Al,  A2,  A5) . 
This  method  is  of  value  in  the  elucidation  of  specific  nor- 
adrenergic pathways  which  are  not  seen  with  previously  used 
histochemical  procedures. 

Evidence  has  been  obtained  which  suggests  that  the  stria 
medullaris  (SM)  is  a  major  fiber  system  which  connects  fore-  and 
hindbrain  and  contains  GABAergic  afferents  to  the  lateral  habenula 
(Dr.  Gottesf eld) .   Following  SM  lesions,  it  was  found  that  in  the 
lateral  habenula  glutamic  acid  decarboxylase  (GAD)  activity  was 
decreased  by  57%  and  the  uptake  of  GABA  by  synaptosomes  was 
reduced  by  62%.   The  medial  habenula  was  not  affected.   The 
lateral  and  medial  habenula  manifest  a  differential  uptake 
capacity  for  GABA  and  glutamate;  there  is  a  higher  accumulatipn 
of  these  amino  acids  by  the  lateral  habenula.   GABA  uptake  is  -. 
predominantly  by  synaptosomes  rather  than  glia,  as  shown  by 
drug  studies.   Part  of  the  GABAergic  projection  to  the  lateral 
habenula  appears  to  originate  from  the  globus  pallidus  and 
interpeduncular  nuclei. 

By  employing  a  microdissection  technique  and  sensitive  radio- 
metric assays,  the  distributions  of  acetylcholine  (ACh) ,  choline 
acetyltransf erase  (CAT) ,  and  acetylcholinesterase  (AChE)  were 
examined  in  60  discrete  areas  of  rat  forebrain  (Dr.  Hoover  and 
Mr.  Muth) .   A  5-fold  range  was  observed  for  ACh  levels,  while 
that  for  the  cholinergic  enzymes  was  about  100-fold.   AChE 
activity  was  always  higher  than  that  of  CAT.   ACh  levels  did  not 
appear  to  be  related  to  the  activity  of  either  enzyme  in  a  simple 
manner.   However,  there  was  a  good  overall  correlation  between 
CAT  and  AChE  activities.   Such  biochemical  measurements  should 
prove  valuable  in  future  experiments  designed  to  determine 
cholinergic  function  and  to  localize  cholinergic  pathways. 

A  recent  undertaking  in  this  laboratory  is  concerned  with  the 
neurophysiology  of  sexual  behavior  and  gonadotropin  secretion. 
The  following  studies  indicate  the  various  approaches  to  these 
problems.   The  effects  of  prenatal  stress  on  catecholamine  con- 
centrations in  24  discrete  brain  areas  of  rat  offspring,  when 
they  became  adults,  were  studied  (Drs.  Moyer  and  Herrenkohl) . 
When  adults,  prenatally-stressed  male  offspring  had  significantly 
lower  norepinephrine  concentrations  in  the  medial  preoptic 
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nucleus  and  median  eminence.   Prena tally-stressed  female  offspring 
had  significantly  higher  norepinephrine  concentrations  in  the 
entorhinal  cortex,  higher  dopamine  concentrations  in  the  arcuate 
nucleus,  and  lower  dopamine  in  the  nucleus  accumbens  and  peri- 
ventricular nucleus  than  did  normal  adult  females.   These  findings 
correlate  with  prior  findings  that  prenatal  stress  feminizes 
sexual  behavior  of  adult  male  offspring  and  suggest  that  brain 
neurochemical  alterations  may  play  a  role  in  the  behavioral 
changes.   This  study  also  examined  the  effects  of  stress  during 
pregnancy  on  catecholamine  concentrations  in  discrete  brain  areas 
of  the  rat.   Prepartum  stress  selectively  reduced  NE  in  the  medial 
preoptic  nucleus,  the  anterior  hypothalamus,  the  median  forebrain 
bundle.   In  the  median  eminence,  DA  was  reduced  significantly. 
Prepartum  stress  selectively  increased  NE  in  the  nucleus  accumbens 
and  DA  in  the  nucleus  amygdaloideus  corticalis. 

A  study  was  undertaken  to  determine  whether  sex  differences 
exist  in  catecholamine  concentration  in  discrete  brain  nuclei 
and  whether  such  differences  could  be  affected  by  manipulating 
neonatal  androgen  (Dr.  Crowley  and  Mr.  O'Donohue).   Male  rats  had 
higher  levels  of  NE  than  did  females  in  the  preoptic,  supra- 
chiasmatic,  arcuate,  periventricular,  paraventricular  nuclei,  and 
in  the  median  eminence.   These  differences  were  not  affected  by 
either  castration  of  males  on  day  1  of  life  or  by  administration 
of  testosterone  to  females  on  day  4  of  life.   Males  had  higher 
levels  of  DA  than  females  in  the  arcuate,  caudate,  median  eminence 
and  diagonal  band  nuclei.   Neonatal  castration  of  males  lowered 
dopamine  in  the  arcuate  and  diagonal  band,  and  neonatal  adminis- 
tration of  testosterone  to  females  elevated  dopamine  in  these 
nuclei.   These  studies  indicate  that  catecholamines  may  be  per- 
manently altered  in  some  areas  during  the  androgen-dependent 
processes  of  sexual  differentiation,  and  these  changes  may  underly, 
in  part,  the  sex  differences  in  behavior,  gonadotropin  secretion, 
and  sensitivity  to  hoiimones . 

Levels  of  oxytocin  and  vasopressin  in  the  pituitary  during 
the  estrous  cycle  were  determined  (Drs.  Crowley,  George,  and  Mr. 
O'Donohue).   Pituitary  contents  of  oxytocin  and  vasopressin  were 
highest  at  proestrus  and  estrus,  and  lowest  at  metestrus  and 
diestrus.   Norepinephrine  levels  in  the  paraventricular  nucleus 
were  lowest  during  proestrus  and  estrus,  and  highest  during 
metestrus  and  diestrus,  but  did  not  change  in  the  supraoptic 
nucleus.   This  demonstrates  a  relationship  between  reproductive 
state  and  levels  of  posterior  pituitary  hormones  and  suggests  a 
role  for  oxytocin  and  vasopressin  during  the  estrous  cycle. 

A  study  to  determine  whether  catecholamine  concentrations 
change  in  discrete  brain  nuclei  during  the  estrous  cycle  revealed 
that  NE  decreased  in  the  medial  preoptic  and  paraventricular 
nuclei  on  proestrus  and  increased  on  metestrus  (Dr.  Crowley  and 
Mr.  O'Donohue).   NE  increased  on  metestrus  in  the  lateral  septum 
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and  central  grey  catecholamine  area.   Dopamine  decreased  on  pro— 
estrus  in  the  caudate  and  rose  on  diestrus.   Dopamine  rose  on 
diestrus  in  the  lateral  septum  and  on  metestrus  in  the  nucleus  of 
the  diagonal  band.   Dopamine  increased  from  proestrus  to  estrus 
in  the  medium  eminence.   This  study  helps  to  delineate  how 
ovarian  hormones  interact  with  central  neurotransmitter  systems 
to  regulate  gonadotropin  secretion,  ovulation,  and  mating  behavior 
and  the  neuroanatomical  loci  for  this  control. 

Section  on  Experimental  Therapeutics 
Michael  H.  Ebert,  M.D.,  Chief 

During  the  past  year,  the  Section  on  Experimental  Therapeutics 
has  focused  on  a  variety  of  disorders  involving  the  central  ner- 
vous system  and  has  supported  several  clinical  pharmacological 
studies.   The  clinical  disorders  studied  have  included  Huntington's 
chorea,  tardive  dyskinesia,  hyperactive  syndrome  of  childhood, 
Gilles  de  la  Tourette's  disease,  orthostatic  hypotension  of 
various  etiologies,  anorexia  nervosa,  narcolepsy,  and  a  drug- 
induced  parkinsonian  syndrome  in  a  single  patient. 

The  section  has  continued  to  pursue  a  series  of  related  pro- 
jects on  clinical  approaches  to  the  measurement  of  central  ner- 
vous system  amine  metabolism  in  collaboration  with  Dr.  Kopin  and 
Drs.  Kartzinel  and  Perlow  of  NINCDS.   The  rationale  of  these 
experiments  is  to  develop  more  accurate  and  quantitative  clinical 
techniques  which  can  be  used  multiple  times  without  hazard  or 
significant  discomfort  in  normal  controls  as  well  as  patients. 
Those  experiments  involving  cerebrospinal  fluid  (CSF)  chemistry 
are  first  carried  out  in  rhesus  macaque  primates.   Three  such 
experiments  are  discussed  below. 

The  effects  of  blockade  of  transport  of  acidic  CSF  amine 
metabolites  by  intravenous  administration  of  40,  80,  160  mg/kg 
of  probenecid  on  homovanillic  acid  (HVA)  and  5-hydroxyindole- 
acetic  acid  (5HIAA)  in  lateral  ventricle  and  lumbar  space  of  the 
rhesus  macaque  has  been  examined  (Drs.  Ebert  and  Kartzinel) .   In 
clinical  metabolic  studies,  40  mg/kg  is  administered  intravenously 
but  in  rats,  160  mg/kg  is  required  to  produce  complete  blockade 
of  transport.   In  monkeys,  maximum  concentrations  of  probenecid 
in  ventricular  CSF  were  attained  2  hours  earlier,  and  were  40% 
higher,  than  in  lumbar  CSF.   The  apparent  half -life  of  probenecid 
in  plasma  is  significantly  increased  with  the  increased  doses  of 
probenecid.   The  probenecid-induced  rise  in  HVA  and  5HIAA  levels 
in  lumbar  CSF  is  significantly  greater  with  increasing  doses  of 
probenecid,  but  this  effect  is  not  seen  in  ventricular  CSF. 
Significant  positive  correlations  were  found  between  CSF  levels 
of  probenecid,  HVA,  and  5HIAA  in  both  ventricular  and  lumbar  CSF. 
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stable  isotopes  have  been  used  to  examine  the  rate  of  synthe- 
sis of  the  major  dopamine  metabolite,  HVA,  appearing  in  brain 
and  CSF  (Drs.  Ebert,  Kopin,  and  Perlow) .   The  kinetics  of  the 
isotopic  species  can  be  used  to  estimate  turnover  rates. 
Methionine,  labelled  with  deuteriiim  on  the  methyl  group  (Me-CD3), 
administered  intravenously  to  rats,  results  in  a  progressive 
increase  in  HVA~CD3«  which  can  be  used  to  measure  the  rate  of  HVA 
fo2n;nation.   In  primates,  Me-CD3  administered  intravenously  appears 
in  lateral  ventricular  CSF.   The  relative  enrichment  of  Me  with 
CD3  progressively  decreases  while  that  of  HVA  increases  until  it 
reaches  that  of  the  Me.   After  the  relative  enrichment  of  HVA 
reaches  this  peak,  it  declines  more  slowly  than  that  of  the  Me. 
This  precursor-product  relationship  can  be  used  to  estimate  the 
turnover  constant  for  removal  of  HVA  from  CSF.   In  similar  experi- 
ments using  ^®0  to  label  dopamine,  the  kinetics  of  ^®0-HVA 
appearance  and  disappearance  in  CSF  can  be  used  to  estimate 
dopamine  turnover. 

Changes  in  plasma  levels  of  deuteriiom-labelled  HVA  (d2-HVA) 
administered  intravenously  can  be  used  to  determine  turnover 
rates  and  volume  of  distribution  of  HVA  in  patients  (Drs.  Kopin, 
Ebert,  Gordon,  and  Zavadil) .   HVA  disappears  from  the  plasma  with 
an  apparent  half-life  of  approximately  40  minutes  (Kg  =  1.05). 
Synthesis  rates  for  HVA  calculated  from  plasma  levels  of  HVA, 
the  Kg  of  d2-H\^A  and  the  volume  of  distribution  d2~HVA  agree 
favorably  with  urinary'  excretion  rates  of  HVA.   After  75  minutes, 
an  infusion  of  probenecid  (40  mg/kg) ,  is  administered  to  block 
transport  of  the  acid.   The  excretion  rate  of  d2-HVA  decreases 
by  70-90%  and  levels  of  endogenous  HVA  in  plasma  increase.   Calcu- 
lations of  the  rate  of  entry  of  HVA  into  plasma  before  and  after 
probenecid  reveals  entry  of  HVA  from  a  probenecid  sensitive  HVA 
compartment  (presumably  this  is  primarily  the  central  nervous 
system) .   It  appears  that  about  50%  of  HVA  produced  in  the  body 
originates  from  this  source. 

The  clinical  programs  include  studies  of  the  pharmacological 
treatment  of  the  hyperactive  syndrome  of  childhood,  physiological 
and  pharmacological  studies  of  anorexia  nervosa,  and  studies  of 
neuropsychiatric  disorders,  particularly  Huntington's  chorea  and 
Gilles  de  la  Tourette's  syndrome.   The  studies  of  the  hyperactive 
syndrome  of  childhood  are  pursued  in  collaboration  with  the 
Biological  Psychiatry  Branch  and  parts  of  the  study  are  also 
discussed  in  their  annual  report.   Studies  on  the  effects  and 
metabolism  of  a  single  dose  of  d-amphetamine  administered  to 
hyperactive  children  were  concluded  this  year.   Plasma  levels  of 
amphetamine  reach  a  peak  of  approximately  60  ng/ml  between  3-4 
hours  after  a  single  oral  dose  of  0.5  mg/kg,  and  subsequently  fall 
with  an  apparent  half- life  of  6  hours.   There  is  a  significant 
response  in  behavioral  pathology,  but  not  in  motor  activity,  to 
a  single  oral  dose  of  amphetamine  when  compared  with  a  placebo. 
Behavioral  response  is  maximal  between  2-3  hours  after  drug  adminis- 
tration while  plasma  amphetamine  level  is  rising  rapidly. 
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studies  of  cortical  average  evoked  response  in  relation  to  plasma 
amphetamine  level  and  behavioral  response  are  in  progress  (Dr. 
Buchsbaum) .   Initial  data  analysis  in  these  studies  demonstrates 
a  highly  significant  correlation  between  a  decrease  in  variance 
of  average  evoked  response  and  plasma  amphetamine  level  at  2  and 
4  hours  after  administration  of  the  drug.   Studies  of  psycho- 
linguistic  parameters  (Dr.  Ludlow,  NINCDS)  show  that  hyperactive 
children  treated  with  amphetamine  (compared  to  placebo)  show  an 
increase  in  language  con^rehension,  speak  more  slowly,  produce 
fewer  echolalic  and  sterotypic  responses,  and  produce  relatively 
less  speech  not  relevant  to  examiner  requests.   Patients  with 
Huntington's  Disease  (Drs.  Caine  and  Weingartner,  LPP)  are 
unable  to  utilize  normally  significant  aids  (e.g. ,  high  verbal 
imagery)  for  encoding  information  deeply  enough  to  allow  con- 
sistent retrieval.   Patients  fail  also  to  process  new  items  at  a 
normal  rate  of  speed.   In  collaboration  with  Dr.  Evarts  (LNP) 
and  Dr.  Ludlow  (NINCDS)  psychophysiological  studies  are  being 
used  to  investigate  the  ability  of  Huntington's  patients  to 
utilize  kinesthetic  and  auditory  stimuli.   A  pilot  study  of 
pharmacological  effects  on  memory  function  is  in  progress.   The 
effect  of  acute  cholinergic  and  dopaminergic  stimulation  and 
blockade  on  various  parameters  of  memory  function  in  Huntington's 
patients  and  normal  controls  is  being  studied. 

In  studies  of  thirty  patients  with  Gilles  de  la  Tourette's 
syndrome  (Dr.  Caine) ,  eleven  of  whom  were  admitted  to  the 
hospital  for  intensive  study,  acute,  provocative  pharmacological 
testing  with  d- amphetamine,  1-amphetamine,  and  haloperidol 
suggests  that  the  pathophysiology  of  the  disorder  may  be  bio- 
chemically heterogeneous.   Linguistic  studies  (with  Dr.  Ludlow) 
demonstrate  language  and  speech  deficits  in  most  patients;  the 
former  is  highly  correlated  with  an  increased  variety  of  vocaliza- 
tion.  The  problem  of  tardive  dyskinesia  in  Tourette's  patients, 
who  are  usually  treated  with  haloperidol,  has  become  a  focus  for 
developing  new  therapeutic  agents.   Clozapine,  a  non-neuroleptic 
antipsychotic,  is  being  studied  intensively  in  Tourette's 
patients.   Drug  trials  using  clozapine  are  in  progress  in  patients 
with  tardive  dyskinesia  or  Huntington's  Disease.   This  agent  may 
have  considerable  clinical  significance  because  it  is  believed 
to  be  effective  without  causing  tardive  dyskinesia. 

Abnormalities  in  prolactin  regulation  have  been  found  in 
patients  with  Huntington's  Chorea.   Baseline  plasma  prolactin 
levels  are  abnormally  high  compared  to  healthy  controls  and  the 
patients  fail  to  respond  normally  to  the  suppressive  effects  of 
1-dopa  and  bromocryptine.   Although  they  have  increased  prolactin 
release  after  chlorpromazine,  their  maximum  prolactin  levels 
are  significantly  lower  than  controls.   These  results  suggest 
that  Huntington's  patients  have  deteriorated  dopamine-mediated 
control  mechanisms  for  prolactin  release. 
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A  clinical  research  program  in  anorexia  nervosa  has  been 
fully  developed  this  year  by  Dr.  Gross.   Patients  who  are  acutely 
ill  are  being  admitted  for  study  in  a  program  v\'hich  includes  a      g 
behavior  modification  regimen  as  a  baseline  treatment.   An  initial  * 
evaluation  period  includes  several  studies  of  central  and 
peripheral  monoamine  metabolism.   Several  drug  trials  of  agents 
known  to  stimulate  appetite  are  underway.   Preliminary  results 
of  a  trial  of  lithium  carbonate  in  promoting  v;eight  gain  in  acute 
anorexia  nervosa  suggest  that  it  is  efficacious.   A  clinical  trial 
of  A-9-tetrahydrocannabinol  has  been  approved,  by  the  FDA  and  will 
begin  soon.   A  study  of  gastric  function  in  anorexia  nervosa  with   ^ 
Dr.  Dubois  (National  Naval  Medical  Center)  has  demonstrated  that    ' 
during  the  acute  phase,  fractional  emptying  rate  is  decreased  two- 
fold, and  intragastric  volume  is  increased  two-fold.   A  study  of 
cardiac  function  during  the  acute  phase  [with  Drs.  Gottdiener, 
Henry,  and  Borer  (NHLBI) ]  indicates  that  although  left  ventricular 
mechanical  function  is  intact,  ventricular  extrasystoles  (VAC's) 
occur  frequently  and  in  clear  association  with  decreased  left 
ventricular  diastolic  dimension  and  wall  thickness.   Data  collec- 
tion on  psychological  characteristics  are  hoped  to  predict  favor- 
able response  to  behavior  modification  or  drug  treatment. 

Section  on  Medicine 
Irwin  J.  Kopin,  M.D.,  Chief 

Methods  for  obtaining  blood  from ^ awake,  undisturbed  rats 
(Drs.  Popper  and  Chiueh)  and  for  sensitive,  specific  radio- 
enzymatic  assay  of  plasma  catecholamines  (Mrs.  Weise  and  Dr.        * 
Chiueh)  have  been  applied  to  studies  of  the  effects  of  drugs, 
environmental  manipulations,  genetic  differences,  and  brain  lesions 
or  stimulation  on  plasma  catecholamine  levels.   Handling,  exposure 
to  cold,  or  mild  stresses  produce  significant  increases  in  plasma 
catecholamine  levels  (Drs.  Popper,  Chiueh,  and  McCarty) .   The 
levels  are  increased  markedly  during  immobilization  or  after  ad- 
ministration of  2-desoxyglucose  (2DG) ,  which  mimics  hypoglycemia 
(Drs.  Sun  and  Thoa) .   These  responses,  and  those  of  corticosterone, 
are  markedly  attenuated  by  hypothalamic  dif ferentation.   Catechola- 
mine responses,  but  not  corticosterone  increases,  after  2DG  are 
partially  blocked  by  severing  posterior  hypothalamic  tracts  (Drs. 
Sun  and  Thoa) .   Decapitation  produces  extremely  marked  increases 
in  plasma  catecholamines  within  several  seconds,  presumably  as  a 
result  of  massive  sympathetic  discharge  attending  'spinal  shock.' 
The  increases  in  epinephrine  are  even  more  striking  than  those 
of  norepinephrine.   Anesthetic  agents  of  various  types  almost 
completely  block  the  spinal  shock-induced  increased  in  p.lasma      . 
catecholamines  attending  decapitation  (Drs.  Rosin,  Moss,  Henry,     f 
and  Weise)  but  in  r^ts  previously  immobilized  (Dr.  Kvetnansky) 
or  in  mice  exposed  to  attack  (Drs.  Tizabi,  Maengwyn-Davies,  and 
Thoa)  there  is  an  enhancement  of  the  increases  in  plasma  cate- 
cholamines produced  by  decapitation.   The  enhanced  response  to 
decapitation  of  immobilized  rats  is  found  in  adrenalectomized, 
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as  well  as  in  intact  rats,  indicating  that  it  is  independent  of' 
adrenal  cortical  hormones. 

Spontaneously  hypertensive  (SHR)  rats  are  hyperresponsive 
to  restraint  in  containers  used  for  measurement  of  blood  pressure 
(Dr.  Chiueh) ,  and  to  immobilization  stress  as  well  as  decapi- 
tation, but  not  to  exposure  to  cold.   Both  behavioral  responses 
and  increases  in  plasma  levels  of  catecholamines  and  cortico- 
steroids and  blood  pressure  and  heart  rate  are  greater  in  SHR 
than  normotensive  (WKY)  control  animals  (Drs.  McCarty  and  Chiueh) . 
There  also  appears  to  be  an  abnormality  in  afferent  or  central 
cholinergic  mechanisms  involved  in  control  of  adrenergic 
responses  in  SHR  rats  (Drs.  McCarty  and  Weinstock) . 

Plasma  catecholamines  are  elevated  by  chemical  stimulation 
of  central  cholinergic  receptors  by  administration  of  oxy tremorine . 
The  drug  causes  tremor  by  a  central  cholinergic  mechanism  and 
the  tremor  is  enhanced  by  the  attendant  increase  in  peripheral 
catecholamine  secretion  (Drs.  Weinstock,  Zavadil,  Rosin,  and 
Chiueh).   Blockade  of  3-adrenergic  receptors,  destruction  of  the 
sympathetic  nerves  by  pretreatment  with  6-hydroxydopamine,  or 
adrenal  medullectomy  attenuates  the  tremor,  but  not  perpheral 
cholinergic  responses. 

Administration  of  cocaine  results  in  a  centrally-mediated 
increase  in  plasma  catecholamines.  The  increase  in  epinephrine 
greatly  exceeds  that  of  norepinephrine  and  becomes  most  evident 
when  catechol-0-methyl  transferase  is  inhibited.   The  increased 
levels  of  epinephrine  are  not  the  result  of  blockade  of  uptake 
because  it  is  not  found  when  other  drugs,  such  as  desmethl- 
imipramine,  which  inhibit  amine  uptake  are  administered  and  the 
response  is  attenuated  by  adrenal  denervation. 

Plasma  catecholamines  can  be  increased  by  stimulation  of 
anterior  or  posterior  areas  of  the  hypothalamus  (Drs.  Sun  and 
Thoa)  and  pharmacological  studies  of  this  response  are  in 
progress.   Changes  in  levels  of  neurotransmitters  and  their 
biosynthetic  enzymes  in  specific  areas  of  brain  are  indices  of 
involvement  of  the  areas  in  physiological  or  pharmacological 
responses.   Anesthetic  agents,  (Drs.  Roizen,  Thoa,  Zivin  and 
Jacobowitz)  elevate  levels  of  serotonin  and  catecholamines  in 
the  amygdala,  substantia  nigra,  and  nucleus  centralis  superior, 
while  immobilization  stress  appears  to  have  the  opposite  effect 
in  these  and  other  nuclei  (Drs.  Palkovits,  Brownstein,  Kizer, 
and  Saavedra) .   Glutamic  acid  decarboxylase  and  the  transmitter, 
GABA,  formed  by  th«  action  of  this  enzyme  are  also  involved  in 
central  control  of  the  sympathetic  nervous  system  (Dr.  Tappaz) . 

Levels  of  phenylethanolamine-N-methyl  transferase,  (PNMT) , 
in  the  superior  cervical  ganglia  (SCG)  of  newborn  rats  are 
increased  by  administration  of  Nerve  Growth  Factor  (NGF)  or 
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dexamethasone  (Liuzzi  and  Foppen) .   PNMT  is  responsible  for 
conversion  of  norepinephrine  to  epinephrine  (EPI) ,  however, 
greater  increases  in  EPI  are  found  after  administration  of 
dexcimethasone  than  after  NGF,  although  NGF  stimulates  formation 
of  more  PWMT  than  does  dexamethasone.   This  suggests  that 
different  types  of  different  localizations  of  PNMT  are  stimulated 
by  NGF  and  dexamethasone.   Studies  using  deuterated  methionine 
have  proven  that  EPI  found  in  the  SCG  is  not  formed  via  epinine, 
the  N-methylated  product  of  dopamine  (Drs.  Foppen  and  Liuzzi) . 
Serotonin  levels  in  the  SCG  are  increased  by  NGF,  but  not  in 
catecholcunine-containing  cells  (Drs.  Liuzzi,  Foppen,  Levi- 
Montalcini,  and  Saavedra) . 

Studies  of  plasma  catecholamines  and  dopamine-6-hydroxylase 
in  human  subjects  (Drs.  Lake  and  Ziegler)  have  provided  a 
biochemical  means  of  separating  three  clinical  subtypes  of 
orthostatic  hypotension.   The  disorder  may  be  caused  by  a  deficit 
in  the  control  by  the  central  nervous  system  of  the  sympathetic 
response,  a  defect  in  the  sympathetic  nerves,  or  an  abnorm.ality 
in  the  ability  of  vascular  compartment  to  respond  (lack  of 
constrictor  response  or  low  blood  volum.e)  . 

Plasma  levels  of  norepinephrine  (NE)  increase  with  age,  and 
age-correction  appears  to  eliminate  reported  higher  levels  of 
NE  in  patients  with  essential  hypertension.   During  hypoglycemia 
plasma  levels  of  catecholamines  become  elevated  but  in  certain 
endocrine  disorders  involving  the  adrenal  cortex  there  are 
abnormal  responses  (Dr.  Krieger) .   Low  levels  of  plasma  cate- 
cholamines and  DBH  have  been  found  in  patients  with  Lesch-Nyhan 
Syndrome  (Drs.  Lake  and  Ziegler) . 

NE  has  also  been  found  in  cerebrospinal  fluid  (CSF) .  The 
levels  of  NE  in  CSF  appear  to  be  related  to  those  in  plasma, 
although  NE  from  plasma  is  unable  to  reach  the  CSF  because  of 
the  blood-brain  barrier.  Probenecid  administration,  which 
blocks  transport  of  acidic  metabolites,  elevates  levels  of  NE 
in  plasma  and  CSF.  The  levels  of  NE  in  CSF  of  monkeys  varies 
diurnally  (Drs.  Ziegler,  Lake,  and  Ebert) . 

Office  of  the  Chief 
Irvin  J.  Kopin,  M.D.  Chief 

The  two  units  in  the  Office  of  the  Chief  support  the  research 
efforts  of  other  sections  of  the  laboratory,  particularly  the 
clinical  research,  which  require  special  techniques  on  Mass 
Spectroscopy.   The  units  carry  out  independent  research  related 
to  development  and  utilization  of  the  methods  required  for  this 
support  function. 
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Unit  on  Pharmacological  Applications  of  Mass  Spectrometry 

Dr.  Sanford  Markey,  has  designed,  built,  and  tested  necessary 
modifications  for  negative  ion  chemical  ionization  mass 
spectrometry  using  a  quadrupole  mass  filter.   This  instrument 
displays  sensitivity  gains  of  100-1000  over  the  conventional 
positive  ion  analyzer  for  electron  capturing  molecules  and  is 
being  used  for  a  highly  sensitive  and  specific  assay  of  melatonin 
in  plasma  and  tissues. 

Organic  synthesis  projects  in  this  unit  have  resulted  in  a 
greatly  improved  method  for  production  of  labeled  (^H2  or^H2)' 
diazomethane  via  charge-exchange  catalysis  of  diazomethane 
with  labeled  water  (Dr.  Markey) .   A  variety  of  labeled  compounds 
have  been  and  will  be  synthesized  for  use  in  studies  of  biogenic 
amine  metabolism  -  homovanillic  acid  -  d3,  dg'    4-hydroxy-3- 
methoxyphenlglycol  -  ds,  d3,  d2f  ^H2;  melatonin  -  d4,  dj .  V '- 

The  pharmacology  of  the  dopaminergic  drug,  bromocryptine, 
remains  under  study.   Demonstration  of  the  presence  of  unchanged 
drug  in  the  CNS  is  being  attempted  using  ®^Br  labeled  compound 
(Drs.  Colburn  and  Markey). 

The  distribution  of  norepinephrine,  serotonin,  and  gamma- 
aminobutyric  acid  has  been  studied  in  synaptosomes  from  normal 
and  reserpinized  rats.   A  shift  was  observed  for  norepinephrine 
and  serotonin  from  mainly  vesicular  binding  from  untreated  rats 
to  cytoplasma  in  tissues  of  rats  treated  with  reserpine.   Using 
this  technique,  the  effects  of  drugs  on  the  subcellular  locali- 
zation of  various  compounds  may  be  used  to  exaraine  mechanisms 
of  storage  and  release  of  amines  and  other  neurotransmitters. 
Hypotonic  bursting  of  synaptosomes  releases  only  a  portion 
(presumably  cytoplasmic)  of  labeled  neurotransmitters  taken  up 
by  synaptosomes.   The  hypotomic  resistant  portion  of  the  labeled 
transmitter  is  presumed  to  be  retained  in  the  vesicles.   The 
proportion  retained  in  vesicles  increases  with  time  but  appears 
to  be  equally  susceptible  to  release,  suggesting  an  equilibration 
of  cytoplasmic  and  vesicular  amines. 

Unit  on  Clinical  Biochemistry 

Under  the  leadership  of  Mrs.  Edna  Gordon,  the  unit  develops 
and  applies  new  procedures  for  the  quantitative  analysis  of 
metabolites  of  biogenic  amines  and  related  compounds  in  human  and 
animal  CSF,  blood,  tissue,  and  urine.   Studies  on  human  biological 
fluids  are  made  in  collaboration  with  clinical  investigators, 
while  studies  in  animals  are  undertaken  to  check  the  utility  of 
new  methods,  to  clarify  the  pharmacologic  action  of  drugs  used 
clinically,  or  by  sections  involved  in  fundamental  research  to 
take  advantage  of  the  specialized  expertise  of  the  unit. 
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The  major  metabolite  of  norepinephrine  (NE)  in  brain  is 
3-methoxy-4-hydroxyphenyl  glycol  (MHPG) .   Vanillyl  mandelic  acid 

(VMA)  is  also  formed  but  in  much  smaller  quantities.   Urine  and 
blood  contain  VMA  and  MHPG  in  three  forms  -  free,  conjugated 
with  glucuronic  acid  (MHPG  glucuronide) ,  and  as  the  sulfate 

(MHPG.SO4).   These  compounds  are  products  of  NE  metabolism  in 
brain  and  in  peripheral  tissues  and  are  excreted  in  the  urine. 
Strategies  involving  adn^inistration  of  isotopically-labeled 
compounds  to  assess  the  relative  amounts  of  MHPG  contributed  by 
brain  and  periphery  require  separation  and  determination  of 
the  specific  activities  of  these  urinary  metabolites.   Procedures 
to  separate  MHPG,  MHPG.  SO 4,  MHPG.  glucuronide,  and  VMJ^  in  human 
blood  and  urine  are  being  developed  so  that  the  specific  activity 
as  well  as  the  absolute  amount  of  each  compound  can  be  measured 
with  great  accuracy.   Deuterated  and  tritiated  MHPG,  MHPG.SO4, 
and  MHPG.  glucuronide  have  been  prepared  to  use  as  tracers  and 
internal  standards.   Separation  methods  using  ion  exchange  and 
thin- layer  chromatography  have  been  worked  out.   New  derivatives 
are  being  tested  in  an  attempt  to  improve  the  present  procedures 
for  the  analyses  of  MHPG  by  GLC-MS.   These  procedures  are  to  be 
applied  to  studies  of  NE  and  dopamine  metabolism  in  human 
subjects  (Drs.  Kopin,  Ebert,  and  Gordon) . 
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x^nnual  Report  of  the  Laboratory  of  Developmental  Psychology 

National  Institute  of  Mental  Health 

July  1,  1976  -  September  30,  1977 

Marian  Radke-Yarrow,  Ph.D.,  Chief 

When  the  Laboratory  was  established  two  and  a  half  years  ago,  the 
decision  was  made  to  include  research  on  normal  and  pathological  child  develop- 
ment and  behavior,  over  the  entire  age  range  of  childhood.   There  has  been 
steady  progress  toward  these  objectives,  with  the  programmatic  profile  of  the 
Laboratory  becoming  well  defined  in  the  past  year.   There  are  three  major  areas 
of  ongoing  research: 

the  emotional-social  development  of  children, 

child  psychopathology,  and 

the  interfaces  between  organic  conditions  and  child  behavior. 

The  domain  of  emotional  experience  and  emotional  behavior  is  one  of  the 
less  well  understood  and  less  investigated  areas  in  developmental  psychology. 
Basic  research  in  this  area  continues  in  the  Laboratory  with  two  general  foci. 
One  is  on  mapping  developmental  transformations  in  children's  emotional-social 
behavior;  the  other  is  on  the  experiences  of  children,  especially  in  the  family, 
in  relation  to  short-term  and  long-term  emotional  development.   Problems  of 
measurement  in  this  area  present  difficulties;  hence,  developments  in  methodology 
are  given  attention  in  research. 

In  the  area  of  child  psychopathology,  the  research  has  continued  with  a 
focus  on  the  development  of  a  diagnostic  instrument  for  the  reliable  and 
standard  classification  of  childhood  behavior  disorders.  With  such  an 
instrument  available,  evaluation  studies  of  many  kinds  can  be  undertaken. 

In  the  Laboratory's  research  concerned  with  the  interrelations  of  organic 
conditions  and  behavior,  tl;iere  has  been  a  necessary  first  investment  in  becoming 
sophisticated  in  the  particular  areas  of  organic  problems  in  which  behavioral 
research  was  to  be  undertaken.   As  in  the  preceding  problem  areas,  peasurement 
issues  are  extremely  complex  and  require  new  and  innovative  approaches.   Research 
projects  are  underway  on  interrelations  of  psychological  functioning  and  disease- 
related  and  deficiency-related  conditions  in  children. 

The  three  areas  of  research  are  in  many  respects  not  independent  of,  and 
distinct  from,  one  another.   The  interdependence  of  problems  and  methods  becomes 
apparent  in  the  following  descriptions  of  ongoing  programs  of  research  and 
research  projects. 
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Studies  of  Emotional-Social  Development 

In  the  research  on  early  emotional  development.  Dr.  Carolyn  Waxier  and 
Dr.  Marian  Yarrow  have  focused  primarily  on  empathy  and  altruism.   They  have 
completed  a  study  of  1  to  2%  year-olds  in  which  they  have  (a)  examined  the 
nature  of  arousal  in  the  child  from  affective  inputs  from  the  environment  (i.e., 
the  emotions  and  moods  of  others)  and  (b)  identified  systematic  developmental 
changes  as  well  as  individual  differences  in  children's  processing  and  acting 
upon  such  affective  input . Children  respond  to  negative  feeling  states  of  others 
well  before  sophisticated  cognitive  processing  can  be  assumed.   At  first,  it 
is  a  reflex  response  of  global  bodily  distress;  soon  developmentally  systematic 
gains  in  comprehension  of  others' feeling  states  can  be  documented  by  children's 
matching  of  others' expressions,  by  their  acting  as  if  the  affect  were  their 
own,  by  their  reproducing  the  mother's  caretaking  response  to  the  other  person's 
distress,  by  their  direct  attempts  to  intervene  sympathetically.   These  data 
will  help  to  provide  indicators  of  normal  responsivity  to  feeling  states  in 
others,  as  well  as  to  point  up  possible  pathological  signs.   The  data  also 
point  up  some  of  the  immediate  consequences  for  young  children  of  affective 
conditions  (e.g.,  anger  between  parents,  grief,  fear)  in  the  family  environment. 

In  a  second,  also  completed,  study  children's  responses  to  affect  were 
examined  in  relation  to  mothers'  techniques.   Empathy  expressed  by  the  child 
was  found  to  vary  positively  with  maternal  behaviors  expressive  of  empathy 
toward  the  child  and  maternal  behaviors  that  increased  the  child's  attending 
to  and  discrimination  of  emotional  events.   Also,  mother's  behaviors  toward 
their  children  influence  children's  awareness  of  their  ovm  role  in  causing 
distress.   Certain  maternal  techniques  are  associated  with  early  guilt  reactions 
by  the  child.   Data  from  this  study  suggest  directions  for  the  kinds  of  parental 
interventions  thac  can  be  used  to  influence  affective  development  in  early 
childhood. 

In  pursuing  the  question  of  cognitive  factors  in  empathic  and  altruistic 
behaviors  in  children  5  to  8  years  of  age.  Dr.  David  Barrett  and  Dr.  Yarrow 
found  no  direct  link  between  children's  abilities  to  make  inferences  about 
others'  emotional  states  and  children's  altruism.   However,  it  was  found  that 
a  relationship  depends  in  part  on  personality  factors.   Children's  inferential 
abilities  are  positively  related  to  altruism  in  socially  assertive  children, 
but  negatively  related  in  nonassertive  children.   These  findings  indicate  the 
need  for  further  investigation  of  the  processes  involved  in  altruistic 
responding. 

Investigation  of  the  development  of  affective  dimensions  of  interpersonal 
behaviors  (nurturing,  gentleness,  stoicism,  assertiveness,  emotional  expres- 
siveness, etc.)  was  extended  to  later  ages  (5  to  14  years)  by  Dr.  Karabelle 
Pizzigati  and  Dr.  Charles  Halverson.   Their  major  interest  was  in  how  similarly 
or  differently  boys  and  girls  attribute  these  dimensions  to  themselves.   Video- 
taped behaviors  were  used  as  stimulus  materials.   The  investigators  found  that 
traditionally-viewed  feminine  traits  were  incorporated  in  girls'  perceptions 
of  their  own  affective  behaviors  with  far  greater  frequency  than  they  were  in 
boys'  self  perceptions.   The  sex  differences  were  already  present  at  age  five. 
Boys  and  girls  were  equally  likely  to  identify  themselves  with  the  traditionally 


40 


masculine  affective  characteristics.   Age  trends  were  significant  and  different 
for  the  two  sexes.   With  increasing  age,  girls  change  little  on  self-perceptions 
in  "feminine"  terms  but  increase  markedly  in  describing  themselves  in  "masculine' 
behaviors.   With  age,  boys  increasingly  identify  themselves  with  "masculine" 
behaviors  but  show  sharp  decreases  in  identifying  with  "feminine"  behaviors. 

Investigation  of  the  psychological  consequences,  particularly  the 
emotional  consequences,  of  a  major  stress  in  the  lives  of  children  is  undertaken 
in  a  study  of  children  whose  mothers  have  engaged  in  crime  and  are  imprisoned 
(Dr.  Velma  LaPoint  and  Dr.  Yarrow).   Lack  or  loss  of  stable  and  supportive 
parenting  is  assumed  to  place  children  at  risk  for  the  development  of  social 
and  emotional  problems.   When  the  reasons  for  inadequate  parenting  are  them- 
selves indicative  of  psychological  problems  of  the  parent  or  of  stressful 
environmental  conditions,  as  in  these  circumstances,  risk  for  the  child  is 
compounded.   Imprisoned  mothers  and  their  children  and  community- living 
mothers  and  their  children,  from  the  same  neighborhoods,  are  the  research 
subjects.   Children's  emotional  states,  self  perceptions,  relationships  with 
mother  and  with  authority  figures  are  given  attention.   From  pilot  data  it  was 
found  that  children  not  infrequently  are  exposed  to  the  illegal  and  violent 
actions  of  their  mothers (  including  murder)  in  the  periods  prior  to  imprison- 
ment.  Also,  children  engage  in  strong  denial  and  in  efforts  to  conceal  their 
mother's  imprisonment.   When  the  mother's  status  is  known,  the  child  is 
subjected  to  peer  ridicule  which  in  many  ways  extends  the  mother's  derogated 
qualities  to  the  child.   Data  comparing  children  from  the  community  and  the 
prison  families  are  not  yet  available.   Data  from  this  study  should  provide 
insights  into  factors  influencing  children's  coping  with  devastating  family 
disruption,  and  provide  bases  for  recommendations  regarding  intervention  or 
care  for  the  children  of  imprisoned  parents. 

Dr.  Jacob  Gewirtz's  continuing  program  of  research  on  mother-infant 
relationships  has  a  two-fold  focus:   (1)  to  investigate  the  influence  of  the 
maternal  caregiving  environment  on  adaptive,  nondistress,  and  communicative 
behavior  of  the  child;  and  (2)  to  study  the  influence  of  the  child  on  its 
mother  and  other  caregivers.   Under  the  first  focus,  attention  has  been  directed 
to  ways  in  which  the  mother  can  influence  a  salient  behavior  of  her  infant, 
nondistress  crying,  by  how  she  responds  to  that  crying.   Under  the  second 
focus,  attention  has  been  addressed  to  ways  whereby  the  young  infant  influences 
its  mother's  responding  to  it,  by  such  behaviors  as  crying,  smiling  and 
vocalizing.   In  a  series  of  experiments.  Dr.  Gewirtz  and  his  colleagues  have 
demonstrated  how  behaviors  attributed  to  3-month-olds  can  condition  verbal 
responses  and  facial  expressions  of  their  mothers, without  the  mothers  being 
aware  that  they  are  being  influenced.   Studies  are  in  progress  on  how  parents' 
interest  in,  and  attachment  to,  their  infants  are  influenced  by  diverse  forms 
of  exposure  to  the  infants  during  the  first  post-partum  hour.   The  investiga- 
tions being  carried  out  vary  (a)  the  contact  of  normally-delivered  newborns 
with  their  mothrs  (skin-to-skin  contact  and  cradling)  and  (b)  the  duration  of 
interaction  of  fathers  with  their  Caesarian-section-delivered  newborns.   The 
influence  of  these  exposures  on  the  behavioral  development  of  the  infants  as 
well  as  on  the  parents'  attachment  is  under  study.   Studies  under  both  foci 
provide  bases  for  child-rearing  recommendations,  for  the  management  of  infant 
crying,  and  for  the  implementation  of  post-partum  hospital  procedures  that 
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foster  conditions  of  parent-infant  interchange  that  are  optimal  for  bonding  " 
(i.e. J  mutual  attachment  formation  between  parents  and  child). 

Studies  of  Child  Psychopathology 

Dr.  Thomas  Achenbach's  research  program  has  been  directed  toward  the 
development  and  testing  of  a  standardized  measure  of  adaptive  and  maladaptive 
behaviors  in  children  and  adolescents.   The  primary  data  collection  instrument 
is  the  Child  Behavior  Checklist,  through  which  are  obtained  parents'  descrip- 
tions of  their  children's  behavioral  competencies  and  problems.   Using  check- 
list data  on  children  in  25  child  mental  health  settings.  Dr.  Achenbach  and 
Dr.  Craig  Edelbrock  are  constructing  standardized  behavior  profiles  for 
children  grouped  by  age  and  sex.   Standardization  of  profiles  for  boys  aged  6 
through  11  and  for  boys  aged  12  through  16  have  been  completed.   Profiles  for 
girls  and  younger  children  will  follow.   For  boys,  reliable  clusters  of 
behavior  problems  were  found  in  separate  factor  analyses  for  each  age  group 
(Schizoid,  Uncommunicative,  Obsessive-Compulsive,  Somatic  Complaints,  Hyper- 
active, Aggressive  and  Delinquent).   Clusters  were  found  for  the  younger  group 
indicative  of  Depression  and  Social  Withdrawal,  while  for  the  older  group, 
of  Immaturity  and  Hostile  Withdrawal.   In  the  course  of  the  work  on  standardi- 
zation of  profiles.  Dr.  Edelbrock  has  developed  some  new  approaches  to  cluster 
analysis. 

Behavior  profiles  make  it  possible  to  score  individual  children  on  social 
competencies  and  behavior  problems  and  to  classify  children  into  "types."   This 
provides  a  means  for  quantitatively  evaluating  a  child  in  relation  to  other 
variables,  e.g.,  with  respect  to  the  child's  prognosis  over  time  and  differ- 
ential responsiveness  to  treatment. 

A  survey  study  using  the  Behavior  Checklist  has  also  been  conducted 
with  parents  of  1300  normal  children  in  order  to  obtain  nonclinical  norms. 

Further  work  is  continuing  to  determine  the  clinical  usefulness  of  the 
Child  Behavior  Profiles.   Drs.  Achenbach  and  Edelbrock  have  found  that  short- 
term  reliabilities  are  very  high;  long-term  stabilities  of  profile  patterns 
for  treated  children  are  also  substantial,  despite  declines  in  the  number  of 
problem.s  reported;  interparent  agreement  is  adequate;  and  differences  between 
clinic  referred  and  nonref erred  (normal)  children  are  highly  significant. 
To  broaden  the  assessment  base  and  to  delineate  more  precisely  the  relations 
between  profile  patterns  and  treatment  outcome,  a  study  is  underway  of  clinic- 
referred  children  in  which  parents,  a  clinician,  and  teachers  will  fill  out 
Child  Behavior  Checklists.   These  data  will  be  obtained  at  intake  into  a 
community  mental  health  center  and  again  after  termination  of  treatment  in 
order  to  determine  the  degree  of  agreement  among  profiles  scored  fron  data 
supplied  by  the  various  informants,  and  to  determine  how  well  the  profiles 
predict  the  outcome  of  mental  health  contacts. 

This  research  should  aid  greatly  in  meeting  a  need  in  research  on  child 
psychopathology,  namely  providing  a  standardized  system  for  identifying  types 
of  childhood  disorder. 
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Studies  of  Organic  Conditions  and  Child  Behavior  •» 

This  is  a  new  direction  of  research  in  the  Laboratory,  and  the  studies, 
generally,  are  in  early  stages.   One  group  of  projects  deals  with  serious 
illness  (cancer)  in  children.   The  objectives  are  to  elucidate  (a)  how  illness 
and  treatment  affect  the  cognitive,  affective,  and  social  functioning  of  the 
child,  and  (b)  how  the  functioning  of  familial  and  medical-care  networks  is 
associated  with  psychological  adaptations  of  the  child.   Physiological  and 
neurological  changes  which  appear  to  be  a  result  of  treatment  are  also  being 
related  to  children's  psychosocial  status.   Dr.  Elizabeth  Susman  and 
Dr.  Albert  Hollenbeck  are  studying  the  adaptations  of  children  to  the  extreme 
of  hospitalization,  namely  isolation  in  a  Laminar  Air  Flow  Unit.   This  is  a 
protective  germ  free  environment  in  which  children  are  deprived  of  direct 
physical  contact  with  parents,  siblings,  and  peers  as  well  as  many  sources 
of  stimulation  in  the  environment.   These  experiences  are  current  with  weight 
loss,  alopecia,  and  painful  medical  procedures  associated  with  chemotherapeutic 
agents.   Children  are  randomly  assigned  to  Laminar  Air  Flow  units  or  a  general 
pediatric  oncology  ward  for  a  period  of  five-to-seven  weeks  while  they  are 
receiving  chemotherapy. 

Attention  is  given  to:  (1)  how  separation  influences  behaviors  normally 
associated  with  childhood;  (2)  the  appearance  of  prolonged  periods  of  anxiety 
or  depression;  and  (3)  the  child's  and  parent's  conceptions  of  the  illness. 
Systematic  observation,  interviews,  and  ratings  by  patient,  parent,  and  nurse 
are  used,  with  extensive  sampling  on  a  continuing  basis  throughout  the  period 
of  hospitalization.   To  date,  data  have  been  collected  on  six  research 
participants.   Ten  or  more  children  will  be  studied.   Analysis  will  focus  on 
sequential  changes  in  behavior  related  to  the  course  of  illness  and  treatment, 
with  particular  attention  to  symptoms  of  depression.   Understanding  the  impact 
of  illness  has  implications  for  the  future  psychological  development  of  ill 
children,  and  has  potential  generalizability  to  children's  reactions  to  stress, 
in  general.   It  is  important  to  identify  the  specific  conditions  associated 
with  emotional  states,  such  as  depression  and  withdrawal  during  illness  and 
recovery,  since  motivation  to  engage  in  age-appropriate  interactions  may  be 
critical  to  the  well-being  of  the  child  and  ultimately  to  survival.   Among 
the  social  conditions  studied  are  the  interactions  between  child,  parent  and 
medical  personnel.   What  kinds  of  interaction  tend  to  increase  anxiety  and 
fear;  what  kinds  are  supportive? 

In  a  second  study  of  children  with  cancer.  Dr.  Howard  Moss  is  invest- 
igating the  cognitive  characteristics  of  survivors  of  leukemia  who  have  under- 
gone intensive  central  nervous  system  treatment  as  a  prophylactic  measure 
for  sustaining  remission.   The  chance  of  survival  from  childhood  leukemia  has 
increased  greatly  over  the  past  ten  years  because  of  the  utilization  of  new 
treatment  procedures  aimed  at  destroying  stray  leukemic  cells  in  tha  central 
nervous  system.   These  prophylactic  measures  consist  of  a  series  of  cranial 
irradiations  and  intrathecal  (spinal)  injections  of  powerful  chemical  agents. 
Recently, concern  has  been  expressed  as  to  possible  deleterious  effects  on 
the  brain  resulting  from  this  treatment.   Thirty-six  children  who  have  been 
in  remission  from  acute  lymphocytic  leukemia  for  2  to  5h   years  were  administered 
the  Wechsler  Intelligence  Scales  and  the  Graham-Kendall  and  Bender-Gestalt  tests 
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of  perceptual  motor  functioning.   Subjects'  performance  was  compared  with 
that  of  healthy  siblings.   The  patients'  level  of  functioning  on  both  verbal 
and  nonverbal  abilities  was  significantly  lower  than  that  of  the  siblings. 
Also,  there  is  some  evidence  that  the  more  time  that  has  elapsed  between  CNS 
treatment  and  intellectual  evaluation,  the  greater  the  difference  between 
patients'  and  siblings'  scores.   This  suggests  that  CNS  treatment  may  have 
affected  the  child's  conceptual  abilities  and  capacities  to  assimilate  and 
integrate  new  information.   Additional  data  on  the  children's  school-related 
behavior  will  be  obtained.   Also,  the  degree  of  deficit  in  patients  will  be 
studied  in  relation  to  computerized  tomography  records  obtained  by  research 
staff  of  the  Pediatric  Oncology  Branch. 

This  study  will  be  repeated  with  a  prospective  design.   Patients  will 
be  evaluated  on  a  test  battery  prior  to  CNS  treatment  and  one  year  after 
treatment.   A  subgroup  of  cases  of  optimal  prognosis  who  receive  intrathecal 
methatrexate  but  no  CNS  irradiation  will  also  be  studied  prospectively.   These 
studies  will  be  carried  out  collaboratively  with  the  Hematology  Oncology 
Service  of  Children's  Hospital  in  Los  Angeles. 

Several  projects  are  concerned  with  infant  development  and  early 
indicators  of  intellective  dysfunction.   Dr.  Albert  Caron's  research  has 
continued  on  perceptual  and  cognitive  functioning  in  infants  under  six  months 
of  age.   He  has  investigated  the  infant's  ability  to  perceive  constant  shape; 
i.e.,  ability  to  see  invariant  real  shape  despite  rotation  in  the  third 
dimension  which  alters  retinal  or  projective  shape.   It  appears  that  very 
young  infants  perceive  the  visual  cues  which  specify  depth  (e.g.,  motion 
parallax  and  binocular  disparity  cues)  but  have  not  yet  becom.e  able  to  interpret 
this  optical  information  in  terms  of  the  third  dimension.   A  part  of  Dr.  Caron's 
program  has  been  devoted  to  methodological  work  in  assessing  infant  abilities. 

Over  the  past  years  Dr.  Caron  and  his  colleagues  have  made  many  assess- 
ments  of  infant  learning  and  cognition.   Since  many  of  these  children  are 
now  of  preschool  or  early  school  age,  it  is  possible  to  investigate  the  pre- 
dictive value  of  the  early  measures.   Infant  tests  have  generally  not  been 
predictive  of  later  intellectual  functioning.   Investigators  of  infant  learning 
and  cognition,  however,  continue  to  be  impressed  with  the  range  of  infant 
differences  in  performance.   To  determine  the  extent  of  relationship,  if  any, 
between  infant  performance  on  habituation  and  learning  tasks  and  later  measures 
of  intellective  ability,  100  children  were  tested  on  the  Stanford  Binet  at 
four  to  seven  years.   No  relation  was  found  between  the  infant  and  early  child- 
hood measures.   Finer  analyses  will  be  made  of  these  data,  also  similar  follow- 
up  comparisons  will  be  carried  out  using  discrimination  learning  as  the  infant 
assessment.   In  another  effort  to  identify  early  indicators  of  later  intellec- 
tive functioning.  Dr.  Caron  is  comparing  Down's  Syndrome  infants,  who  have 
high  probability  of  intellectual  deficiency,  with  normal  infants  on  a  range  of 
habituation  and  learning  tasks. 

Dr.  Sarah  Friedman's  research  is  with  high  risk  infants.   Approximately 
six  percent  of  all  births  in  the  United  States  occur  before  the  38th  week  of 
gestation.   Medical  technology  has  made  survival  possible  for  infants  born 
prematurely  after  only  28  weeks  of  gestation  and  weighing  as  little  as  800 
grams.   Although  this  is  an  impressive  accomplishment,  survival  is  a  very  gross 
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measure  for  evaluating  life.   It  says  nothing  about  the  quality  of  the  life 
of  the  individual  who  has  survived.   Unfortunately,  prematurity  has  been 
associated  with  many  manifestations  of  central  nervous  system  dysfunction. 
Dr.  Friedman  is  asking  questions  about  the  ability  of  prematures  at  the  time 
of  their  expected  birth  to  process  information  which  is  believed  to  be  an 
index  of  the  degree  of  cortical  maturity  and  integrity.   Premature  infants 
(well  and  previously  ill)  and  full-term  infants  are  being  tested  in  three 
modalities:   tactile,  auditory  and  visual.   These  modalities  develop  at  differ- 
ent rates  pre-  and  postnatally.   The  tactile  modality  develops  before  the 
auditory  and  the  auditory  before  the  visual.   If  a  sensory  system  is  mature 
at  birth,  the  additional  extrauterine  stimulation  that  a  premature  receives 
relative  to  a  full-term  newborn  may  enhance  the  development  of  that  system. 
However,  if  a  sensory  system  is  not  ready  for  normal  interaction  with  the 
extrauterine  environment,  its  development  may  suffer  when  the  baby  is  delivered 
prematurely.   Data  gathering  is  now  underway.  ,.  ,- 

Another  project  concerned  with  relations  between  physiological  conditions 
and  child  behavior  is  a  study,  in  planning  stage,  of  the  effects  of  chronic 
malnutrition  and  nutritional  supplementation  on  children's  cognitive,  social, 
and  emotional  development  (Dr.  Barrett  and  Dr.  Yarrow).   Chronic  moderate 
malnutrition  is  a  condition  of  life  for  sixty  percent  of  the  worWs  child 
population.   Its  most  characteristic-  contexts  are  the  environments  of  poverty 
and  disease  with  the  inherent  hazards  and  deprivations  that  they  present..  For 
children  growing  up  under  these  circumstances,  there  are  certain  to  be  many 
risks  to  physical  and  psychological  well-being.   Much  research  has  been  devoted 
to  relations  between  severe  malnutrition  in  infancy  and  later  intellectual 
development.   More  recently  there  is  evidence  from  experimental  intervention 
studies  that  consistently  low  levels  of  protein  intake  early  in  life  influence 
adversely  children's  intellectual  abilities.   Very  little  research  attention 
has  been  given  to  the  study  of  relationships  between  nutritional  status  and 
the  overall  mental  health  of  the  child:  namely,  self-regulatory  abilities, 
emotional  or  affective  qualities,  and  interpersonal  competencies  and  disorders. 
The  prospective  study  focuses  on  these  areas.   The  complex  problems  of  field 
implementation  of  this  study  are  currently  being  worked  out,  as  are  the 
development  and  modification  of  instruments  suitable  for  field  conditions. 

Another  study  bridging  the  organic  and  behavioral  is  one  designed  to 
assess  the  effects  of  various  hormone  abnormalities  on  behavioral  and  cognitive 
patterns  (Dr.  Edelbrock  and  Dr.  Achenbach) .   Normal  controls  and  children 
(ages  6  to  16)  who  have  either  thyroid  or  sex  hormone  abnormalities  are  tested 
before  and  after  hormone  treatment  on  a  cognitive  battery.   The  Child  Behavior 
Checklist  (described  earlier)  is  also  administered.   Children  with  a  history 
of  hyperthyroidism  show  very  early  closure  of  the  sutures  of  the  skull,  and 
a  high  proportion  of  these  children  have  been  reported  to  have  school  diffi- 
culties and  problems  concentrating  and  reading.   Preliminary  findings  suggest 
some  unusual  patterns  of  cognitive  functioning  in  children  with  thyroid  abnor- 
malities, but  not  enough  data  are  yet  available  to  assess  relations  between 
cognitive  and  behavioral  patterning  with  any  confidence. 

In  the  next  one  to  two  years  many  of  the  studies  just  begun  in  the  past 
year  will  have  findings  to  report.   In  each  instance,  the  data  are  relevant 
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to  basic  knowledge  of  child  development  and  also  have  implications  for  many  " 
issues  in  the  daily  lives  and  welfare  of  children. 

There  have  been  staff  changes  in  the  past  year,  both  additions  to  the 
Laboratory  and  departures.   Drs.  Craig  Edelbrock  and  Albert  Hollenbeck  came 
as  Staff  Fellows.   Dr.  Elizabeth  Susman  joined  the  staff  as  s   Visiting 
Foreign  (Canadian)  Fellow.   With  the  retirement  of  Ms.  Frances  Polen,  the 
Laboratory  has  lost  a  most  valued  member.   Dr.  Charles  Halverson,  a  major 
contributor  to  the  longitudinal  study  of  the  Child  Research  Branch,  has  left 
to  accept  a  University  appointment. 

The  Senior  Investigators  and  Staff  Fellows  have  served  this  year  in  ma:iy 
capacities  in  NIMH-NIH  and  in  the  discipline  as  research  advisors  and 
consultants  and  officers  of  scientific  societies  and  as  committee  members. 
Drs.  Achenbach  and  Yarrow  serve  on  advisory  committees  to  Dr.  Brown.   Drs.  Moss 
and  Yarrow  are  members  of  the  Ethics  Review  Committee  in  the  Institute  of 
Allergy  and  Infectious  Diseases,  Dr.  Carolyn  Waxier  served  as  Secretary-Treas- 
urer of  the  Assembly  of  Scientists.   Drs.  Caron  and  Halverson  serve  on  review 
committees  in  the  intramural  program.   Drs.  Pizzigati  and  Susman  are  members 
of  the  NIH  Day  Care  Committee.   Dr.  Pizzigati  is  a  consultant  on  Day  Care 
to  the  Office  of  Assistant  Secretary  for  Planning  and  Evaluation,  DHEW. 

The  Laboratory  is  well  represented  in  the  major  scientific  organizations 
of  the  discipline:   Committee  positions  are  held  in  the  APA  and  Society  for 
Research  in  Child  Development  by  Drs.  Gewirtz,  Halverson,  and  Yarrow;  and 
in  the  Social  Science  Research  Council  by  Dy.  Yarrow,   Recognition  by  the 
discipline  is  in  evidence  also  by  memberships  on  editorial  boards  of  scientific 
journals  by  Drs.  Achenbach,  Caron,  Gewirtz,  Moss,  Waxier,  and  Yarrow. 
Dr; -Yarrow  has  been  appointed  to  the  Board  of  Directors  of  the  Foundations 
Fund  for  Research  in  Psychiatry. 

The  ongoing  research  of  the  Laboratory  is  carried  out  not  only  in  the 
research  facilities  on  the  NIH  campus;  many  of  the  studies  are  conducted  in 
the  field.   The  research  problems  dictate  the  necessary  settings.   Projects 
are  currently  being  carried  out  collaboratively  or  with  the  cooperation  of 
community  clinics,  hospitals,  correctional  institutions,  schools,  and  families. 
Our  research  is  greatly  aided  by  the  good  working  relationships  with  these 
institutions.   We  are  also  able  in  many  instances  to  provide  some  feedback 
from  the  research  activities  to  the  participants  in  research. 


46 


Annual  Report  of  the  Laboratory  of  Neuropsychology 
National  Institute  of  Mental  Health 
H.  Enger  Rosvold,  Ph.D.,  Chief 
July  1,  1976  -  September  30,  1977 

This  year's  annual  report  summarizes  the  progress  of  the  Laboratory  of 
Neuropsychology  in  its  first  year  with  Laboratory  status.   It  was  not  intended 
that  this  organizational  change  would  abruptly  alter  the  direction  of  a 
research  program  which  had  been  evolving  for  twenty-three  years.   Rather,  the 
thought  was  to  develop  a  mechanism  for  increasing  the  intensity  and  sophisti- 
cation with  which  the  disciplines  of  behavioral  neuropharmacology,  neuro- 
anatomy, neuroendocrinology ,  and  electrophysiology  could  be  brought  to  bear 
on  questions  arising  from  neuropsychological  studies.   Although  this  plan  was 
never  made  explicit,  existing  space  and  personnel  have  been  gradually 
distributed  so  that  from  a  modest  multidisciplinary  effort  in  which  these 
disciplines  served  as  adjuncts  of  neuropsychology,  projects  evolved  which 
embraced  in  depth  the  relevant  fundamentals  of  several  of  the  neuro  sciences. 
In  this  milieu,  productivity  this  year  measured  both  by  quantity  and  quality, 
surpassed  that  of  most  years.   Yet,  it  is  less  than  could  have  been  achieved 
had  adequate  staff  been  available.   Much  of  the  achievement  was  possible  only 
because  guest  workers  at  both  the  professional  and  the  assistant  level  could 
occasionally  be  encouraged  to  join  us.   Tljis  arrangement,  tenuous  at  best, 
does  not  provide  the  continuity  vital  in  the  long-term  studies  characteristic 
of  our  research. 

Discernible  in  the  narrative  summary  that  follows  is  a  best  effort  report 
concluding  that  the  research  achievement,  though  considerable,  for  want  of 
adequate  staffing  does  not  approach  its  potential. 

Cortical  Mechanisms  in  Vision 

In  a  collaborative  study  with  Gross  at  Princeton,  we  delineated  the 
functional  pathway  through  which  inferior  temporal  (IT)  neurons  receive  their 
visual  information.   The  method  entailed  measuring  the  defects  in  the  visual 
receptive  fields  of  single  IT  neurons  after  selective  cerebral  lesions  or 
commissural  transections.   As  we  had  predicted  from  our  earlier  ablation 
studies,  the  subcortical  pathway  from  superior  colliculus  through  pulvinar 
to  IT  cortex  turned  out  to  be  unimportant  for  the  receptive  field  properties 
of  IT  neurons.   By  contrast,  the  cortical  pathway  from  striate  through 
prestriate  to  IT  cortex  proved  to  be  essential,  since  interruption  of  this 
pathway  by  a  unilateral  striate  removal  or  by  section  of  the  forebrain 
commissures  eliminated  the  corresponding  visual  input  to  IT  cells. 

We  have  now  demonstrated  this  functional  pathway  autoradiographically 
using  the  I   cjdeoxyglucose  method  developed  at  NIMH  by  Sokoloff  and  his 
group.   In  collaboration  with  Kennedy  in  Sokoloff 's  laboratory  v^e  have  found 
by  comparing  a  blinded  and  a  seeing  hemisphere  in  the  same  monkey  that  the 
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visual  system  can  be  clearly  traced  from  the  striate  through  the  prestriate 
to  the  inferior  temporal  cortex  on  the  basis  of  differential  hemispheric 
uptake  of  the  deoxyglucose  during  visual  stimulation. 

The  results  strongly  support  the  view  that  the  visual  discrimination 
functions  of  IT  cortex  depend  on  the  information  it  receives  from  the  striate 
cortex  via  a  relay  in  the  prestriate.   Yet  there  is  still  considerable 
dispute  concerning  this  proposed  relay,  since  even  massive  prestriate  lesions 
may  leave  visual  discrimination  relatively  unimpaired.   To  resolve  this 
apparent  discrepancy  we  have  undertaken  two  new  experiments.   In  one  we  are 
delineating  by  neuroanatomical  techniques  the  entire  striate-receptive  area 
within  the  prestriate  cortex  as  a  preliminary  to  removing  it  in  a 
"disconnection"  experiment.   In  the  second  we  are  trying  to  determine  wheth( 
even  small  prestriate  lesions  might  "disconnect"  IT  cortex  from  correspondii 
parts  of  visual  field  by  testing  visual  discriminations  confined  to  those 
fields  in  monkeys  that  have  been  trained  to  maintain  fixation.   To  monitor 
this  fixation  accurately,  we  are  designing  with  the  aid  of  Technical  DevelO) 
ment  an  infrared,  corneal-ref lection  device. 

According  to  the  unit  recording  studies  nearly  two-thirds  of  IT  neuronf 
receive  information  from  both  hemispheres  (i.e.,  from  both  the  left  and  rigl 
visual  half-fields) =   We  have  therefore  proposed  that  IT  cortex  plays  an 
important  role  in  stimulus  equivalence  across  the  visual  fields.   This  is  tt 
phenomenon  in  which  a  stimulus  is  recognized  as  the  same  regardless  of  its 
retinal  position,  even  if  the  different  retinal  loci  project  to  different 
hemispheres.   To  test  our  hypothesis,  we  prepared  monkeys  with  bilateral  IT 
ablations  combined  with  section  of  the  optic  chiasm,  and  trained  them  firsi 
with  one  eye  and  then  with  the  other  eye  on  a  series  of  visual  pattern 
discriminations.   Unlike  control  monkeys  (with  either   IT  lesions  alone  or 
chiasm  section  alone) ,  who  can  perf oi-m  immediately  with  the  second  eye  any 
discrimination  that  they  have  learned  with  the  first,  the  experimental 
monkey  had  to  learn  each  discrimination  anew  with  the  second  eye.   These 
results  provide  strong  evidence  that  stimulus  equivalence  across  the  visual 
half-fields  depends  on  the  convergence  of  their  projections  onto  single  IT 
neurons.   We  are  planning  to  test  a  further  prediction  from  this  hypothesis, 
namely,  that  IT  lesions  will  prevent  transfer  of  a  visual  pattern  discrimi- 
nation from  one  part  of  a  visual  half-field  to  another.   The  method  involves 
training  monkeys  whose  maintained  fixation  is  being  monitored  as  described 
earlier  to  discriminate  a  pair  of  patterns  in  one   quadrant  of  a  visual  half 
field  and  then  test  them  for  transfer  to  the  other   quadrant.   Transfer 
should  occur,  as  before,  only  if  IT  neurons  are  present  to  mediate  the  spat: 
convergence  of  visual  information.   In  a  related  electrophysiological  experi 
ment  we  will  test  whether  single  neurons  are  indeed  activated  by  their 
preferred  stimuli  irrespective  of  stimulus  position  in  the  visual  field. 

This  spatial  convergence  upon  single  cells  provides  a  mechanism  that  if 
essential  for  discrimination  learning  under  normal  viewing  conditions.   It 
insures  that  the  same  central  visual  cells  will  be  activated  from  one 
exposure  of  the  stimulus  to  the  next  despite  the  fluctuations  in  distance, 
direction  and  angle  of  regard  that  lead  to  stimulation  of  different  populat: 
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of  geniculostriate  cells  on  different  presentations.   But  spatial  convergence 
alone  is  insufficient  to  insure  reactivation  of  the  same  central  visual 
cells  unless  it  is  associated  with  a  mechanism  for  temporal  convergence.   That 
is,  a  given  stimulus  must  excite  the  same  visual  neurons  on  a  second  occasion 
as  on  the  first  if  there  is  to  be  any  summation  of  the  effects  of  experience 
or  training.   We  now  have  evidence  that  the  IT  cortex  does  indeed  contain  a 
mechanism  for  temporal  convergence,  as  indicated  by  the  following  experiments 
on  visual  recognition. 

Monkeys  that  are  shown  an  object  once  will  recognize  it  as  familiar 
several  minutes  later,  as  indicated  by  the  fact  that  they  will  avoid  it  in 
favor  of  another  object  that  is  completely  novel.   Thus,  somewhere  in  the 
visual  system  the  single  presentation  of  a  complex  stimulus  leaves  a  trace 
against  which  a  subsequent  stimulus  presentation  can  be  matched.   If  it  does 
match,  i.e.,  if  the  original  neural  trace  is  reactivated,  there  is  immediate 
recognition  of  familiarity,  and  the  behavioral  consequence  described  above 
ensues.   The  area  in  which  the  neural  trace  is  first  established  turns  out  to 
be  the  anterior  IT  cortex,  since  removals  here  but  not  elsewhere  abolish 
the  animal's  ability  to  recognize  an  object  that  it  has  seen  once  just  a  few 
seconds  before.   Apparently,  the  anterior  IT  cortex  contains  the  traces  laid 
down  by  previous  viewing,  and  these  serve  as  control  representations  against 
which  incoming  stimuli  are  constantly  being  compared.   In  the  process,  old 
traces  may  either  decay,  be  renewed,  or  even  refined,  and  new  traces  are 
added  to  the  store.   An  experiment  is  now  being  designed  to  study  these 
newly  localized  visual  traces  at  the  single-unit  level.   The  question  to 
be  addressed  is  whether  or  not  a  neuron  that  at  first  responds  equally  to  two 
similar  stimuli  can  be  induced  to  respond  differentl'/  to  them  by  training  the 
animal  to  attend  to  their  physical  differences. 

The  evidence  that  has  been  cited  favors  a  sequential  activation  model 
for  object  vision.   Information  that  reaches  the  striate  cortex  is  transmitted 
for  further  processing  to  the  prestriate  cortex,  and  from  there  to  the  IT  area. 
Can  this  model  be  extended  beyond  vision  per  se  to  encompass  stimulus-reward 
association  learning?  Translated  into  functional  anatomical  terms  the 
question  is  whether  visual  objects  might  gain  motivational  and  emotional 
significance  through  an  interaction  between  the  IT  cortex  and  the  limbic 
system.   Some  preliminary  findings  supported  this  possibility.   Earlier  we 
had  shown  that  equally  severe  deficits  in  object  discrimination  reversal 
learning  are  produced  by  bilateral  removal  of  IT  cortex  and  by  bilateral 
removal  of  the  temporal  pole  and  amygdala  (TPA) ,  a  limbic  region  to  which 
the  IT  cortex  projects.   To  test  whether  the  similarity  in  outcome  reflects 
a  truly  functional  relation  between  the  two  areas,  we  prepared  monkeys  with 
an  IT  removal  in  one  hemisphere,  a  TPA  removal  in  the  other,  and  a  transection 
of  the  anterior  commissure.   The  effect  on  object  reversal  learning  was  the 
same  as  that  of  the  bilaterally  symmetrical  lesions  suggesting  that  section 
of  the  anterior  commissure  had  disconnected  the  intact  TPA  region  on  one  side 
from  the  intact  IT  cortex  on  the  other.   Section  of  the  corpus  callosum 
instead  of  the  anterior  commissure  was  ineffective.   The  results  thus 
supported  the  proposal  that  the  process  of  associating  visual  stimuli  with 
reinforcements  depends  in  part  on  a  visual-limbic  pathway  with  a  link  in  the 
IT  cortex. 
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We  are  now  extending  those  studies  to  exploit  this  new  evidence  of  a 
visual-limbic  interaction.   First,  we  have  undertaken  a  neuroanatomical 
investigation  to  define  exactly  the  projections  from  IT  cortex  onto  limbic 
structures;  and  second,  we  have  extended  and  refined  our  behavioral  assess- 
ment by  replacing  the  discrimination  reversal  problem  with  a  one-trial 
associative  memory  test  analogous  tc  the  one-trial  visual  memory  test  described 
earlier.   Whereas  only  IT  lesions  had  impaired  performance  on  the  visual 
memory  test,  results  with  the  associative  memory  test  have  indicated  equiva- 
lent impairments  after  both  IT  lesions  and  lesions  limited  to  the  amygdala 
(which  we  find  receives  a  direct  IT  projection).   An  attempt  will  next  be 
made  to  disconnect  the  amygdala  from  its  IT  input  and  then  test  the  effects 
of  this  disconnection  on  associative  memory. 

Concurrently  we  will  be  testing  directly  whether  the  amygdala  is  involved 
in  the  establishment  of  stimulus-reward  associations.   The  study  involves 
measuring  activity  of  single  units  in  the  amygdala  while  an  animal  performs 
a  visual  discrimination  reversal.   Positive  evidence  for  our  hypothesis  would 
be  provided  by  a  finding  that  the  discharge  frequency  of  a  given  unit  depends 
on  the  reward  value  of  the  stimulus  (A+  vs  A-)  and  not  on  its  sensory  quality 
(A  vs  B) .   The  converse  results,  i.e.,  sensitivity  to  the  sensory  and  not 
to  the  affective  quality  of  the  stimulus,  would  be  expected  of  units  in  the 
IT  cortex,  for  according  to  our  model  this  tissue  is  an  intrinsic  part  of  the 
visual  system  and  concerned  with  purely  visual  processing.   Preliminary 
results  have  been  gathered  thus  far  on  units  in  the  IT  cortex,  and,  as  pre- 
dicted, many  of  the  neurons  here  discharge  selectively  to  visual  patterns  - 
one  cell  preferring  one  subset  of  patterns,  anotlier  cell  preferring  another 
subset,  and  so  on  -  whereas  only  a  few  of  these  neurons  appear  to  code  the 
reward  value  of  the  patterns.   Whether  such  a  code  is  carried  by  a  higher 
proportion  of  neurons  in  the  amygdala  still  remains  to  be  determined. 

The  results  of  the  studies  described  in  this  section  so  far  suggest  that 
visual  discrimination  habits  depend  on  an  extended,  polysynaptic,  cortical 
visual  system  as  well  as  on  associated  limbic  areas.   But  are  these  two 
systems  acting  together  a  sufficient  substrate  for  such  habits,  or  does  the 
re^t  of  the  cortex  also  play  a  significant  role?   To  examine  this  question 
we  restricted  vision  to  a  single  hemisphere  and  then  removed  all  the  cortex 
from  this  seeing  hemisphere  except  for  the  visual  and  limbic  systems.   Unex- 
pectedly, the  operated  animals  appeared  on  awakening  to  be  completely  blind, 
and  this  total  blindness  lasted  for  one  to  several  months,  abating,  if  at  all, 
only  very  slowly  and  only  in  part.   Yet,  the  geniculostriate  pathway  in  these 
animals  seemed  to  be  intact  as  judged  both  by  visual  evoked  potential  studies 
(performed  in  collaboration  with  Buchsbaum,  NIMH)  and  from  the  subsequent 
histological  examination  of  the  brains.   We  are  currently  investigating 
whether  this  dramatic  phenomenon  is  due  to  diaschisis  of  the  visual  system 
or  to  a  visual-motor  disconnection,  the  two  most  likely  alternatives  so  far. 

Cortical  Mechanisms  in  Spatial  Perception 

The  visual  pathway  described  in  the  previous  section  is  important  mainly 
for  object  vision,  that  is,  for  the  analysis  and  coding  of  the  physical  di- 
mensions of  visual  stimuli  and  for  their  identification  through  associations 
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with  other  events,  particularly  motivational  and  emotional  ones.   There  is  " 
a  second  major  visual  pathway  out  of  the  striate  cortex,  however,  and  this 
one  appears  to  play  an  important  part  in  spatial  vision,  that  is,  in  the 
analysis  of  the  spatial  location  of  objects  and  in  the  use  of  this  information 
for  the  guidance  of  movement.   The  first  pathway  is  directed  ventrally  to  the 
temporal  and  frontal  limbic  systems.   By  contrast,  the  second  pathway  is 
directed  dorsally  and  appears  to  provide  access  to  the  motor  system.   The 
evidence  in  support  of  this  dichotomy  of  cortical  visual  pathways  and  the 
reasons  for  categorizing  the  second  one  as  primarily  spatial  rather  than  purely 
visual  in  function  come  from  recent  experiments  in  our  laboratory  on  the 
parietal  and  frontal  lobes. 

We  had  found  earlier  that  bilateral  posterior  parietal  lesions  produced 
severe  impairments  on  a  spatial  test  in  which  the  animal  was  required  to 
choose  a  response  location  on  the  basis  of  its  proximity  to  a  visual  "landmark". 
The  effective  lesions  were  large,  invading  not  only  inferior  parietal  but  also 
dorsolateral  and  medial  prestriate  tissue.   To  test  whether  the  responsible 
damage  was,  in  fact,  to  the  prestriate  rather  than  to  the  parietal  cortex, 
new  experiments  have  been  performed  with  more  selective  lesions.   The  results 
have  failed  to  reveal  any  localization  within  the  larger  region,  and  have  in- 
dicated instead  that  each  part  contributes  to  the  function  equally.   The 
findings  thus  give  added  support  to  the  view  that  the  inferior  parietal 
lobule,  rather  than  being  a  modality-specific  tactual  assocation  area  as  was 
once  thought,  is  probably  a  multimodal  area  with  a  significant  part  played 
by  vision.   To  test  for  the  dependence  of  this  area  on  visual  input,  a  crossed- 
lesion  study  has  been  undertaken.   A  posterior  parietal  lesion  in  one  hemi- 
sphere is  combined  serially  with  a  total  striate  removal  in  the  other,  and 
these  are  followed  by  callosal  transection.   Animals  trained  on  the  landmark 
test  are  severely  impaired  by  the  contralateral  removals  alone  (performed  in 
either  order),  and  once  recovered  they  are  not  re-impaired  by  the  callosal 
lesion.   The  results  suggest  that  the  inferior  parietal  cortex,  like  the 
inferior  temporal,  depends  heavily  on  striate  input,  for  its  visual  function; 
but  unlike  the  inferior  temporal,  the  posterior  parietal  does  not  seem  to 
receive  bilateral  visual  input.   Thus,  each  posterior  parietal  area  may  be 
organized  largely  as  a  substrate  for  contralateral  spatial  function,  and  this 
could  account  for  the  symptoms  of  contralateral  spatial  neglect  that  have  so 
often  been  reported  after  unilateral  parietal  injury. 

The  spatial  functions  of  the  parietal  area  have  been  categorized  on  the 
basis  of  our  studies  as  "allocentric",  where  spatial  location  is  defined  in 
terms  of  referents  external  to  the  animal.   Another  form  of  spatial  perception 
is  "autocentric" ,  where  location  is  defined  with  reference  to  the  animal's 
own  body.   Evidence  is  accumulating  that  this  form  of  spatial  orientation  is 
dependent  on  dorsal  prefrontal  cortex,  and  that  impairment  in  autocentric 
localization  after  dorsal  prefrontal  damage  is  the  basis  for  the  frontal 
animal's  impairment  on  spatial  delayed  response  tasks.   (The  dissociation 
between  an  allocentric'  and  an  autocentric  spatial  mechanism  derives  in  part 
from  our  finding  that  parietal  and  prefrontal  lesions  each  impair  one 
mechanism  but  not  the  other.) 

Crossed-lesion  experiments  like  those  described  above  have  shown  that  the 
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dorsal  prefrontal  cortex  also  depends  on  striate  input  for  its  visual  spatial 
function.   Evidence  that  the  function  is  selectively  spatial  comes  from  a 
recent  experiment  in  which  animals  with  selective  prefrontal  removals  were 
compared  on  a  series  of  nonspatial  visual  memory  tests.   These  included  delayed 
object  alternation,  delayed  color  matching,  and  delayed  object  matching.   In 
every  case,  animals  with  lesions  confined  to  the  cortex  in  the  principal 
sulcus  quickly  reattained  criterion  performance,  in  sharp  contrast  to  their 
notoriously  poor  performance  on  spatial  visual  memory  tests.   In  another  ex- 
periment we  obtained  evidence  that  autocentric  spatial  localization  is  probably 
not  a  purely  kinesthetic  function.   On  a  test  that  required  precise  judgments 
of  the  extent  of  head  or  hand  movements,  prefrontal  lesions  alone  produced 
little  or  no  impairment.   Since  it  is  thus  possible  to  spare  kinesthetic  dis- 
crimination ability  while  at  the  same  time  severely  impair  spatial  perception, 
it  is  clear  that  the  two  abilities  must  be  at  least  partly  independent.   At 
the  same  time,  other  evidence  was  obtained  that  with  sufficiently  large  frontal 
lesions,  which  included  both  dorsal  prefrontal  and  dorsal  premot-or  cortex,  a 
severe  kinesthetic  impairment  could  be  produced.   The  findings  thus  point  to 
a  substrate  for  kinesthesis  that  is  close  to,  yet  separate  from,  the  substrate 
for  spatial  perception.   Indeed,  it  is  reasonable  to  suppose  that  the  system 
for  autocentric  localization  depends  on  input  not  only  from  vision,  but  from 
kinesthesis  and  many  other  modalities,  and,  further,  that  the  dorsal  pre- 
frontal area,  like  the  posterior  parietal,  is  a  center  for  convergence  of 
multimodal  information  organized  in  terms  of  some  spatial  coordinate  system. 
The  hypothesis  suggests  a  new  direction  for  electrophysiological  studies  of 
these  dorsal  cortical  association  areas. 

It  was  noted  above  that  the  outputs  of  these  dorsal  association  areas 
may  be  directed  toward  the  cortical  motor  system  and  thus  permit  spatial 
guidance  of  movements.   Disconnection  experiments  involving  the  spatial  and 
motor  systems,  like  those  described  earlier  involving  the  visual  and  limbic 
systems,  would  provide  a  direct  test  of  this  proposal. 

Development  of  Brain  and  Behavior 

A  major  goal  of  this  laboratory  continues  to  be  the  elucidation  of  the 
neural  mechanisms  responsible  for  the  development  of  normal  behavior  and  for 
the  expression  of  plasticity  in  neuropathological  development.   Our  approach 
is  broadly  multidisciplinary,  involving  behavioral,  neuroanatomical,  electro- 
physiological, endocrinological  and  biochemical  techniques.   Our  experimental 
subject  is  the  rhesus  monkey,  whose   appropriateness  as  a  model  of  human 
development  is  unexcelled.   For  studies  of  development,  in  particular,  the 
protracted  course  of  postnatal  maturation  exhibited  by  rhesus  monkeys  permits 
greater  resolution  of  the  timing,  sequence,  and  correlation  of  structural  and 
functional  events  than  is  possible,  for  example,  in  rodents  or  other  laboratory 
animals. 

Cryogenic  Depression  of  Cortex  at  Different  Stages  of  Development.   Our 
previous  work  in  this  area  has  shown  that  specific  regions  of  the  primate 
cortex  are  functionally  immature  at  birth  and  develop  their  functions  according 
to  widely  different  time-tables.   However,  the  immature  monkey  differs  from 
the  adult  not  only  with  respect  to  cortical  immaturity  but  with  respect  also 
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to  cortical-subcortical  organization.   This  year,  with  Dr,  Garrett  Alexander, 
we  have  employed  cryogenic  cooling  techniques  and  electrophysiological 
recording  to  further  describe  the  changes  in  cortical-subcortical  organization 
that  take  place  in  ontogeny.   Previous  studies  by  Dr.  Alexander  have  shown 
that  the  frontal  cortex  can  be  inactivated  in  adult  monkeys  by  cooling  through 
cryoplates  implanted  over  the  dura  mater  of  the  prefrontal  cortex.   This 
technique  has  several  advantages  over  the  ablation  method  including  the 
avoidance  of  secondary  degeneration  in  structures  connected  with  the  frontal 
cortex  and  also  the  possibility  of  functional  effects  that  are  reversible  - 
allowing  each  animal  to  serve  as  his  own  control.   In  the  adult  monkey, 
localized  cooling  of  the  prefrontal  cortex  results  in  behavioral  deficits 
classically  associated  with  removal  of  this  cortex  but  these  deficits  dis- 
appear as  soon  as  the  cortex  is  returned  to  its  normal  temperature.   Further- 
more, cooling  has  been  shown  to  inhibit  the  firing  of  neurons  in  the  dorso- 
medial  nucleus  of  the  thalamus,  in  association  with  decrements  in  behavioral 
performance.   Studies  identical  to  those  carried  out  in  the  mature  monkey  are 
now  being  conducted  in  normal  monkeys  at  various  stages  of  postnatal  develop- 
ment.  Our  studies  show  that  cryogenic  depression  of  the  dorsolateral  pre- 
frontal cortex  does  not  result  in  adult-typical  deficits  on  a  spatial-delayed 
response  task  in  monkeys  31-34  months  of  age,  that  is,  close  to  sexual 
maturity.   The  results  obtained  with  the  reversible  lesion  procedure  in 
normal  monkeys  are  remarkably  similar  to  those  obtained  in  monkeys  with 
permanent  brain  damage  and  thus  provide  evidence  that  cortical  cooling  is  a 
powerful  approach  to  the  study  of  regional  maturation  in  the  primate  brain. 
Moreover,  the  consistent  results  observed  with  both  the  ablation  and  cooling 
procedure  provides  strong  evidence  that  the  dorsolateral  cortex  does  not 
become  fully  functionally  mature  until  well  into  the  second  year  of  life. 
Unit  activity  has  been  recorded  in  the  dorsomedial  nucleus  of  the  thalamus 
and  in  the  caudate  nucleus  -  subcortical  structures  with  which  the  frontal 
cortex  is  connected.   Recordings  from  these  structures  in  behaving  monkeys 
at  different  stages  of  development  and  under  conditi.ons  in  which  the  de- 
scending influence  of  cortex  can  be  controlled  (through  hypothermia)  should 
reveal  the  extent  to  which  subcortical  mechanisms  can  function  more  autono- 
mously in  the  young  than  the  old,  a  principle  of  central  nervous  system 
organization  in  normal  development  suggested  by  previous  research,  and  one 
which  could  help  to  explain  the  remarkable  sparing  of  function  observed 
after  early  cortical  injuries. 

Sexual  Dimorphism  in  Cortical  Structure  and  Function.   A  major  effort 
continues  to  be  devoted  to  examining  the  possible  role  that  gonadal  hormones 
may  play  in  regulating  the  differentiation  of  cortical  mechanisms.   Previous 
work  in  this  laboratory  has  provided  evidence  that  the  orbital  prefrontal 
cortex  becomes  functionally  mature  at  different  times  in  males  and  females, 
since  cognitive  defects  can  be  induced  by  orbital  lesions  at  younger  ages  in 
males  than  in  females.   Currently  we  are  studying  the  behavioral  and  bio- 
chemical consequences  of  postnatal  injections  of  testosterone  in  developing 
female  monkeys.   Our  evidence  indicates  that  (1)  androgen  accelerates  the 
development  of  orbital  prefrontal  function,  suggesting  that  gonadal  hormones 
may  play  an  inductive  role  in  the  differentiation  of  cortical  mechanisms 
similar  to  that  played  in  the  differentiation  of  hypothalamic  mechanisms; 
and  (2)  the  critical  period  for  the  influence  of  androgen  on  functions  of  the 
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central  nervous  system  in  primates  extends  into  postnatal  life.   Subsequent 
to  further  behavioral  studies  involving  analysis  of  their  psychosocial  and 
sexual  development,  these  hormonally  treated  monkeys  are  sacrificed  and  their 
brains  analyzed,  along  with  brains  of  normal  males  and  females,  for  distri- 
bution and  biosynthesis  of  biogenic  amines. 

The  possibility  that  there  are  neural  differences  between  males  and 
females  at  the  cortical  level  under  the  control  of  gonadal  hormones  at 
critical  periods  in  development  is  of  extreme  importance  for  understanding 
the  normal  differences  in  cognitive  and  social  development  of  the  two  sexes 
as  well  as  for  understanding  disturbances  in  psychosexual  orientation  that 
may  occur  as  a  consequence  of  exposure  to  an  inappropriate  hormonal  milieu 
during  gestation  such  as  adrenogenital  syndrome  and  progestin-induced  pseudo- 
hermaphroditism.  Future  plans  for  work  in  this  area  include  behavioral  and 
biochemical  studies  of  prenatally-androgenized  females  and  prenatally 
feminized  males  (chemically  gonadectomized  with  an  androgen  antagonist, 
cyproterone  acetate) .   Prenatal  studies  are  warranted  because  the  peak 
sensitivity  of  cortical  tissue  to  gonadal  hormones  may  occur  in  the  second 
trimester  of  pregnancy  during  which,  in  the  primate,   corticogenesis  is 
completed . 

Behavioral  and  Anatomical  Consequences  of  Prena tally-Induced  Brain 
Damage .   The  presumptive  dorsolateral  prefrontal  cortex  was  resected 
bilaterally  in  a  fetal  rhesus  monkey  at  E106  (106th  embryonic  day)  with  sub- 
sequent replacement  in  utero  and  ceasarian  delivery  near  term  (165  days) . 
Cognitive  functions  dependent  upon  the  in-tegrity  of  this  neocortical  region 
were  assessed  during  postnatal  development.   The  monkey  was  sacrificed  at 
2lg  years  of  age  and  its  brain  fixed  by  vascular  perfusion  and  processed  for 
subsequent  cytoarchitectonic  and  hodological  analysis.   The  prenatally 
operated  monkey  grew  to  2%  years  of  age  without  exhibiting  any  gross  sensori- 
motor deficits  or  evidence  of  impairment  on  the  classical  spatial  delayed 
response  problems  which  depend  critically  upon  the  integrity  of  the  dorso- 
lateral prefrontal  cortex  in  mature  monkeys.   Its  performance  on  these  tests 
was  within  the  range  of  unoperated  monkeys  rather  than  severely  impaired  as 
in  the  case  of  monkeys  with  the  same  cortical  areas  removed  as  juveniles  or 
adults.   The  lesion  performed  at  E106,  when  brain  fissuration  has  barely 
begun,  were  bilaterally  symmetrical  and  similar  in  size  and  topography  to 
those  performed  after  birth  when  the  brain  has  attained  the  adult  fissural 
pattern.   However,  the  surface  of  the  telencephalon  in  the  monkey  operated 
upon  as  a  fetus  exhibited  marked  changes  in  gross  morphology:  anomolous 
sulci  appeared  bilaterally  on  the  lateroventral  surface  of  the  frontal  lobe 
and  some  unusual  sulci  were  also  observed  in  locations  as  remote  a&  the 
occipital  lobe.   The  cytoarchitectonic  composition  of  the  cortex  lining 
these  sulci  displayed  the  basic  six-Tayered  pattern  of  primate  neocortex. 
Perhaps  the  most  significant  finding  with  regard  to  a  possible  explanation 
of  functional  plasticity  is  that  the  parvocellular  subdivision  of  the  medio- 
dorsal  thalamic  nucleus,  which  normally  projects  to  the  dorsolateral  pre- 
frontal cortex,  shows  little  evidence  of  neuron  loss,  indicatiLn'^  perhaps  that 
the  parvocellular  neurons  have  found  some  other  cortical  target  for  projec- 
tion.  This  sector  of  the  dorsomedial  nucleus  always  degenerates  following 
comparable  prefrontal  lesions  performed  after  birth.   Thus,  removal  of  the 
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dorsolateral  prefrontal  association  cortex  in  a  nonhuman  primate  a  full 
two  months  before  birth  can  be  followed  in  postnatal  life  by  extraordinary 
preservation  of  behavioral  function  as  well  as  by  significant  alteration  in 
the  gross  morphological  characteristics  and  thalamo-cortical  connections  of 
the  brain.   We  are  currently  engaged  in  studies  to  determine  the  precise 
neuroanatomical  mechanisms  underlying  this  striking  example  of  neurobehavioral 
plasticity. 

Neurochemical  Correlates  of  Normal  and  Disordered  Development  in  Primates. 
As  mentioned,  behavioral  testing  following  ablation  of  the  dorsolateral  and 
orbital  prefrontal  cortical  areas  in  the  developing  monkey  have  now  shown 
that  these  two  cortical  subdivisions  develop  their  functions  according  to 
different  timetables.   Also  the  orbital  cortex  becomes  functionally  mature 
earlier  in  males  than  in  females.  We  need  to  know  more  about  the  maturational 
status  of  the  brain  at  different  stages  of  development  in  order  to  fully 
understand  the  ontogeny  of  behavior  and  neurobehavioral  plasticity  in  the 
developing  primate.   Measures  of  neurotransmitter  levels  and  rates  of  synthesis 
give  an  indication  of  synaptic  mechanisms  in  normal  development  and  provide  a 
baseline  against  which  to  evaluate  events  following  acute  or  chronic  brain 
damage. 

Three  monoamine  putative  neurotransmitters  are  of  interest  in  these 
studies:  an  indoleamine,  5-hydroxytryptamine  (serotonin),  and  two  catechola- 
mines, noradrenaline  (NE)  and  dopamine  (DA).   Normal  neurochemical  profiles 
have  been  measured  in  various  cortical  and  subcortical  structures  of  rhesus 
monkeys  at  2  days,  8  months,  and  2  years  of  age  or  beyond.   Levels  and 
biosynthetic  activity  follow  different  developmental  patterns  which  are 
specific  to  structure  and  amine.   For  example,  the  brain  stem  shows  higher 
monoamine  levels  and  rates  of  synthesis  at  birth  than  during  adulthood.   In 
contrast  the  general  pattern  of  catecholamine  development  in  other  subcortical 
structures  such  as  caudate,  putamen,  hypothalamus  and  hippocampus  is  a 
gradually  increasing  catecholamine  level  from  birth  to  maturity  with  rates  of 
synthesis  increasing  in  proportion  to  concentration.   The  indoleamine, 
serotonin,  on  the  other  hand  exhibits  higher  levels  in  some  of  these  structures 
(caudate  and  putamen)  at  birth  than  at  8-months  of  age  or  adulthood.   In 
cortex,  only  prefrontal  areas  contain  an  adult  concentration  of  dopamine. 
The  other  amines  increase  in  linear  fashion  from  birth  to  maturity  in  pre- 
frontal and  other  regions  of  the  cerebral  mantle.   It  is  likely  that  the  hi"h 
dopamine  levels  in  newborn  prefrontal  areas  reflect  maturational  events 
rather  than  utilization  for  synaptic  transmission. 

Monoamines  exhibit  a  differential  distribution  in  the  cerebral  cortex  of 
both  infant  and  adult  monkeys.   A  major  finding  is  that  monoamines  are  not 
evenly  distributed  in  the  primate  cerebral  cortex  but  instead  exhibit  a 
definite  gradient  of  distribution  specific  to  each  amine.   Dopamine  concen- 
tration is  highest  yi  prefrontal  cortex  and  declines  linearly  in  a  rostral 
to  caudal  direction.   Although  serotonin  is  rather  evenly  localized,  its 
deaminated  product,  5-HIAA,  is  distributed  in  almost  mirror  image  fashion  to 
that  of  dopamine.   Thus,  the  concentration  of  5-HIAA  is  highest  in  visual 
cortex  and  decreases  in  a  caudal  to  rostral  direction.   Both  DA  and  5-HIAA 
show  high  concentrations  in  temporal  cortex.   In  contrast  to  both  DA  and 
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5-HIAA,  NE  exhibits  a  more  erratic  pattern  of  distribution.   A  notably  high 
concentration  of  NE  is  found  in  the  somatosensory  cortex.   Anterior  inferior 
temporal  cortex  and  superior  temporal  cortex  also  contained  substantial 
amounts  of  NE  which  were  higher  than  that  in  the  visual  and  posterior  infero- 
temporal  cortices,  on  the  one  hand,  and  that  in  the  frontal  cortex,  on  the 
other.   There  was  thus  the  suggestion  of  peak  concentrations  of  NE  located 
in  the  central  cortical  zones  with  NE  gradients  diminishing  along  both  the 
anterior  and  posterior  axes.   Until  now  there  has  been  little  recognition  of 
the  differential  concentrations  and  turnover  of  monoamines  in  various  areas 
of  primate  cortex.   These  findings  as  well  as  the  evidence  for  differential 
rates  of  development  (Brown  and  Goldman,  1977)  encourage  the  detailed 
examination  of  the  neurochemical  basis  of  higher  behavioral  processes  and 
their  elaboration.   In  particular,  the  role  of  serotonin  in  visual  function, 
norepinephrine  in  somatic  sensation,  and  dopamine  in  cognition  need  to  be 
explored. 

To  investigate  the  hypothesis  that  the  developing  brain  reacts  differently 
to  damage  than  a  fully  mature  brain,  levels  and  synthesis  rates  of  monoamines 
in  various  cortical  structures  have  been  measured  eight  months  following 
bilateral  orbital  lesions  in  infant  and  adult  monkeys.   The  monoamine  levels 
and  synthesis  rates  have  been  compared  to  data  from  normal  animals  of  the 
same  age  group.   Two  major  differences  in  response  to  damage  have  so  far  been 
observed  between  inf ant-lesioned  and  adult-lesioned  animals:   1.   At  the 
site  of  damage,  there  is  an  increase  in  catecholamine  synthesis  in  infant 
brains,  and  a  decrease  in  synthesis  in  adult  brains.   2.   In  thalamus  of  the 
infant  lesioned  brain,  there  is  an  increase  in  dopamine  content  and  a  50% 
decrease  in  serotonin  synthesis  rate.   A  different  response  occurs  in  the 
thalamus  of  adult-lesioned  brain.   Here  dopamine  content  does  not  increase 
and  the  serotonin  synthesis  rate  increases  200%.   Further  work  is  in  progress 
to  identify  the  biochemical  alterations  that  occur  following  brain  damage. 
The  findings  from  such  studies  may  eventually  suggest  a  pharmacological 
approach  to  ameliorating  some  of  the  symptoms  of  brain  injury  in  the  young 
and  the  old. 

The  Role  of  Biochemical  Systems  in  Determining  Cognitive  Behavior 

If  the  principal  sulcus  in  the  monkey  is  aspirated,  he  cannot  perform 
above  chance  level  on  a  cognitive  task  such  as  delayed  alternation.   The 
question  may  be  asked  whether  or  not  any  changes  in  a  biochemical  system  in 
the  brain  can  be  identified  with  this  behavioral  effect.   Accordingly, 
specific  neurotoxins  were  used  to  deplete  one  or  several  of  the  endogenous 
neurochemicals  and  the  behavior  of  a  monkey  monitored  on  the  delayed 
alternation  test. 

So  far  our  efforts  have  centered  around  6-hydroxydopamine  (6-OHDA) .  Pilot 
work  indicated  that  6-OHDA  injected  directly  into  the  principalis  area  of 
the  brain  (injections  spaced  every  3  mm.   along  the  superior  and  inferior  banks. 
100  jug./site)  depleted  NE  better  than  90  percent  and  DA  better  than  70  percent 
of  normative  values,  one  week  after  surgery.   The  depletion  was  restricted  to 
the  principalis  region,  and  only  NE  and  DA  were  significantly  affected. 
These  animals  showed  profound  long-term  NE  depletion  of  better  than  95  percent, 
DA  depletion  of  30  to  40  percent,  and  5-HT  depletion  of  50  to  60  percent  in 
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the  principalis  region.   Outside  of  the  principalis  monoamine  levels  were 
near  normative  levels  except  for  NE  which  was  depleted  40  to  50  percent 
throughout  the  frontal  cortex.   Subcortical  structures,  in  contrast,  were 
largely  unaffected  by  the  6-OHDA  treatments. 

Data  on  11  animal.,  at  various  stages  of  training  and  testing  indicate 
that  the  6-OHDA-treated  animals,  despite  their  massive  NE  depletion  in 
prefrontal  cortex,  do  not  show  the  gross  debilitation  in  delay-alternation 
performance  seen  in  surgically  lesioned  animals.   Rather  they  show  a  subtle 
but  consistent  degradation  of  performance.   The  animals  have  been  trained 
and  tested  on  a  variable  delay  alternation  task  using  a  range  of  delay 
values  between  5  and  120  sec.   This  procedure  permits  the  plotting  of  a 
delay-performance  function,  which  describes  the  fall  in  proficiency  that 
accompanies  the  longer  delays.   The  6-OHDA  treatments  result  in  the  animals 
performing  quite  well  at  short  delays  but  doing  somewhat  worse  than  expected 
on  the  progressively  longer  delays.   Thus  NE  in  this  region  of  prefrontal 
cortex  appears  to  play  only  a  small  role  in  mediating  functions  that  control 
delayed-alternation  performance. 

Most  recently  we  have  combined  the  6-OHDA  treatments  with  pretreatments 
of  desmethylimipramine  (DMI) .   DMI  prevents  reuptake  of  catecholamines  into 
noradrenergic  neurons.   The  result  is  that  DMI  protects  noradrenergic  neurons 
from  the  cytotoxic  effects  of  6-OHDA,  and  because  of  the  larger  pool  of  free 
6-OHDA  available,  dopaminergic  neurons  are  destroyed  to  a  much  greater 
extent.   Although  the  biochemical  analyses  have  not  yet  been  performed,  the 
DMI  -  6-OHDA  -  treated  animals  should  have  near  normal  NE  levels  and  greatly 
depleted  DA.   One  of  these  animals  has  been  tested  behaviorally  and  while 
completely  normal  in  visual  pattern  discrimination  it  has  shown  a  profound 
deficit  in  delay-alternation  performance,  very  much  reminiscent  of 
surgically  lesioned  animals.   An  attempt  will  now  be  made  to  establish  that 
DA  is  an  important  factor  in  mediating  the  cognitive  functions  executed  by  the 
prefrontal  cortex,  while  NE  is  of  secondary  importance. 

If  these  neurochemicals  are  indeed  important  for  the  normal  functioning 
of  prefrontal  cortex,  then  the  question  may  be  posed  whether  performance  of 
the  depleted  animals  can  be  restored  to  pre-operative  levels  given  some 
therapeutic  agent  that  will  restore  catecholamines  to  normal  values.   To 
date  we  have  been  successful  in  returning  the  6-OHDA  animals'  delay 
^^''f°^^?''!  ^°   completely  normal  levels  by  treating  them  with  d-amphetamine 
or  1-DOPA  before  testing.   This  therapeutic  effect  is  completely  reversible. 

Anatomical  Correlates  of  Development  and  Plasticity 

Studies  of  Normal  Development.   Concurrent Iv  ^i  rh    <-k^  i,  v,   •    ,   -, 
Physiological  and  biochemicaZ-endocrinol^gSrsLIies  described\°b^%'ef we''^"" 
are  conducting  experiments  aimed  at  elucidating  the  structural  basis  of 
normal  and  abnormal  behavioral  development.   Our  anatomical  studies  using 
silver  impregnation  techniques  have  confirmed  findings  obtained  with 
behavioral  and  electrophysiological  methods  in  indicating  immaturity  of  the 
pathways  from  the  orbital  and  dorsolateral  prefrontal  cortex  to  subcortical 
structures   like  the  caudate  nucleus  up  to  six  months  of  age  and  beyond.   Our 
findings  using  radioactive  tracer  methods  include:  (1)  The  cortico-cortical 
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and  commissural  efferents  of  the  frontal  association  and  motor  cortex 
terminate  in  a  distinct  columnar  pattern.   Since,  until  now,  columns  have 
been  observed  exclusively  in  sensory  cortex,  findings  in  association  and 
motor  cortex  indicate  that  columnar  organization  is  a  general  feature  of  the 
mammalian  neocortex.   Further  studies  aimed  at  elucidating  the  source,  mode 
of  distribution  and  pattern  of  innervation  of  extrinsic  connections  in  cortex 
are  in  progress.   (2)  P lef rontal  cortico-cortical  and  commissural  efferents 
terminate  in  all  layers  of  target  cortex,  a  feature  of  laminar  distribution 
which  distinguishes  the  frontal  association  cortex  from  sensory  cortical 
areas.   (3)  Prefrontal  cortex  projects  heavily  upon  the  caudate  nucleus 
whereas  connections  from  motor  cortex  are  sparse.   This  finding  provides   [ 
direct  evidence  that  the  caudate  nucleus  is  related  both  anatomically  and 
functionally  more  to  the  prefrontal  cortex  than  to  the  motor  cortex,  and 
necessitates  a  revision  of  long-held  conceptions  about  caudate  function.   A 
detailed  analysis  of  the  cells  of  origin  of  these  pathways  are  now  underway. 
(4)  Specific  regions  of  the  prefrontal  cortex  project  all  the  way  to  the  tail 
and  body  of  the  caudate  nucleus  as  well  as  to  its  head.   This  distribution 
of  prefrontal  striatal  connections  revealed  by  autoradiographic  methods 
changes  the  picture  of  topographic  relationships  between  the  cerebral  cortex 
and  the  caudate  based  on  silver  degeneration  methods.   (5)   Prefrontal 
projections  to  the  caudate  nucleus  are  stereometric,  indicating  that 
segregation  of  afferents  applies  to  subcortical  as  well  as  to  cortical 
structures  and  is  a  general  feature  of  central  nervous  system  organization. 
In  further  studies  we  plan  to  reconstruct  the  ^eredtnetric  input  to  the 
caudate  nucleus.   (6)   Columnar  organization  in  frontal  cortex  and  stereometric 
innervation  of  the  caudate  nucleus  are  well-delineated  in  the  newborn  monkey. 
The  same  features  are  present  but  not  as  pronounced  in  older  monkeys  given 
equivalent  doses  of  radioactive  amino  acids.   The  differences  between        , 
immature  and  mature  monkeys  may  relate  to  a  number  of  factors  including 
developmental  differences  in  axonal  transport  mechanisms,  packing  density 
of  neurons  and  blood-brain  barrier.   We  are  exploring  these  factors  as  we 
continue  to  study  the  changes  in  connections  during  postnatal  development. 

Studies  of  Central  Nervous  System  Reorganization.   A  second  major 
question  that  is  being  approached  anatomically  is  that  of  the  presumptive 
reorganization  of  the  central  nervous  system  subsequent  to  early  cortical 
injury.   Though  central  nervous  system  plasticity  is  presently  an  area  of 
active  research  interest  there  has  so  far  been  no  strong  evidence  to  indicate 
that  postlesion  axonal  growth  or  collateral  sprouting  is  functionally 
adaptive.   Our  previous  studies  of  behavioral  recovery  in  monkeys  sustaining 
orbital  prefrontal  injuries  in  infancy  show  that  the  monkey  is  an  excellent 
animal  model  of  behavioral  plasticity  in  development  and  one  highly  suitable 
for  studies  of  neural  reorganization.   We  are  therefore  employing  both  the 
Fink-Heimer  silver  impregnation  technique  and  autoradiographic  methods  to 
examine  the  possibility  that  there  are  anomalous  connections  in  the  brains 
of  monkeys,  now  adults,  that  had  received  bilateral  orbital  prefrontal      I 
lesions  as  infants,  and  exhibited  restitution  of  functional  capacity  to 
an  extraordinary  degree.   These  icngitudinal  studies  are  leading  to  the 
conclusion  that  behavioral  recovery  following  early  brain  injury  in  primates 
cannot  be  attributed  to  the  capacity  of  the  developing  nervous  system  for 
postlesion  axonal  growth.   In  this  respect,  primates  may  have  evolved 
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adaptive  mechanisms  to  cope  with  traumatic  injury  different  from  those 
exhibited  by  small  mammals  and  invertebrates,  in  whom  generation  of  anomalous 
connections  or  regeneration  of  damaged  neurons  is  possible. 
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Annual  Report  of  the  Laboratory  of  Psychology  and  Psychopathology 

National  Institute  of  Mental  Health 

David  Rosenthal,  Ph.D.,  Chief 

July  1,  1976  to  September  30,  1977 

This  annual  report  will  be  the  last  that  I  shall  submit  as  a  Lab  Chief. 
My  tenure  as  Lab  Chief  has  covered  more  than  ten  years.   It  seems  to  me  that 
serving  in  this  capacity  for  more  than  a  decade  is  well  beyond  the  call  of 
duty.   I  have  submitted  my  resignation  as  Lab  Chief  for  two  major  reasons: 
1)  To  have  a  change  of  leadership  in  the  Laboratory,  possibly  with  new  added 
research  directions,  as  well  as  with  the  past  and  current  research  that  has 
been  the  hallmark  of  this  Laboratory;  2)  to  be  free  of  the  responsibilities  and 
problems  and  non-research  activities  that  consume  much  time  away  from  research. 

This  decision  was  not  made  lightly,  and  I  regret  having  to  give  up  some  of 
the  many  benefits  that  accrue  to  the  Lab  Chief  position,  and  I  regret  as  welj. 
the  impact  on  the  Laboratory  that  occurs  inevitably  when  a  Lab  Chief  resigns. 

Nevertheless,  the  Laboratory  has  its  own  internal  strengths,  and  it  will 
continue  to  contribute  fruitfully  to  our  understanding  of  mental  illness. 

Dr.  Philippe  Khouri  will  leave  the  Laboratory  for  a  new  position  elsewhere, 
and  we  will  feel  his  loss;  but  the  Laboratory  has  also  been  fortunate  to  have 
Dr.  Herbert  Weingartner  join  us  as  a  full-fledged  member.   It  is  likely,  too, 
that  two  long-standing  members  of  the  Laboratory  will  leave  us  at  about  the  end 
of  the  calendar  year.   Thus,  the  Laboratory  will  need  at  least  two  positions 
to  fill  the  gap,  as  well  as  one  or  more  positions  that  the  next  Lab  Chief  will 
require.   As  of  this  writing,  efforts  are  ongoing  to  recruit  a  new  Chief. 

The  Laboratory  faces  new  problems  as  well,  in  that  it  will  have  to  move 
out  of  the  Clinical  Center  and  reside  in  Building  31.   Some  members  of  the  Lab 
may  have  lab  space  in  the  Clinical  Center,  but  most  will  not.   In  any  case,  the 
next  Lab  Chief  will  have  to  supervise  a  somewhat  fragmented  Laboratory,  at  least 
for  a  while.   However,  when  the  Ambulatory  Care  Facility  is  completed,  this 
Laboratory  should  benefit  appreciably,  since  many  of  our  subjects  are  ambulatory. 

During  the  past  year  we  have  carried  out  the  following  research: 

Animal  models  for  study  of  psychopathology 

A  major  goal  of  our  research  is  to  develop  animal  models  for  the  study  of 
psychopathology.   We  continue  to  maintain  several  sublines  of  the  BALB/c  inbred 
mouse  strain  which  are  being  used  to  investigate  the  intra-strain  difference 
between  the  NIH  and  JAX  sublines  in  aggressive  behavior  reported  by  Ciaranello 
and  Lipsky.   We  have  been  unable  to  date  to  replicate  this  study  of  catechol- 
amine-synthesizing  enzymes  and  aggression,  but  we  are  continuing  attempts  to 
unravel  the  environmental  variables  which  may  cause  this  inconsistency. 
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The  term  is  used  frequently  in  clinical  practice,  but  not  often  in  research, 
because  it  has  not  been  adequately'  validated.   Spitzer  and  Endicott  of  the  NYS 
Psychiatric  Institute,  using  the  case  records  from  the  Danish  adoption  studies 
by  Rosenthal,  Kety  and  Wender,  have  selected  out  certain  criteria  for  the  diag- 
nosis of  borderline.   We  have  worked  with  Endicott  on  the  further  development 
of  these  criteria,  devising  rating  scales  and  an  interview  schedule  for  employ- 
ing them  in  research. 

In  another  project  we  dealt  with  the  development  of  criteria  that  can 
reliably  differentiate  borderline  schizophrenics  from  chronic  schizophrenics 
and  psychopathologies  outside  the  schizophrenia  spectrum.   Eight  items  were 
derived.   Two  manuscripts  were  written  on  this  project;  the  first  dealt  with 
the  data  part  and  the  second  with  the  theoretical  aspect  and  its  implication 
for  future  genetic  and  biochemical  research. 

In  an  MMPI  assessment  of  psychopathology  in  the  adopted-away  offspring  of 
schizophrenics,  the  results  of  the  study  support  a  genetic  hypothesis  of  schizo- 
phrenia.  Among  the  adopted  offspring  of  schizophrenics,  a  combination  of  MMPI 
criteria  and  clinical  diagnoses  identified  22%  as  having  a  schizophrenia  spec- 
trum disorder.   Only  6%  of  a  matched  control  group  were  similarly  identified 
(p  <  .01). 

In  a  study  of  relationships  among  personality,  biochemical,  and  psycho- 
physiological variables  in  college  students,  an  effort  was  made  to  determine 
whether  individuals  with  extreme  MMPI  scores  are  similar  to  psychiatric  groups 
with  respect  to  low  MAO,  augmenting  AER,  and  the  presence  of  clinical  symptoms. 
These  data  are  not  yet  completed  for  analysis. 

In  studies  of  thought  disturbance,  we  have  developed  a  technique  to  assess 
an  individual's  use  of  syntax  in  different  conditions.   Our  testing  indicates 
that  acute  schizophrenics  are  able  to  use  syntax  as  normals  do  even  when  the 
syntactic  properties  of  a  sentence  are  stressed  with  semantically  confusing 
words.   A  small  subsample  of  drug-free  schizophrenics  appear  to  have  impaired 
syntactic  ability.   We  are  continuing  to  investigate  these  differences. 

Another  study  involves  clinical  and  empirical  detection  of  simulated 
schizophrenia.   The  purpose  of  this  project  is  to  determine  to  what  extent  a 
skilled  interviewer  and  psychometric  tests  can  detect  trained  actors  faking 
schizophrenic  symptoms.   This  study  originated  in  response  to  Rosenhan's  article 
in  Science,  "On  being  sane  in  insane  places."  Data  collection  will  begin  shortly. 

A  reexamination  of  the  conditionability  data  in  the  Denmark  Adoptive  Study 
was  carried  out  to  determine  whether  those  subjects  diagnosed  as  schizophrenic, 
or  as  having  a  schizophrenic  diathesis,  show  differences  in  autonoir.ic  nervous 
system  activity  as  compared  to  normal  controls.   It  was  found  that  the  diagnosis 
of  subject  variable  showed  a  number  of  significant  interactions  suggestive  of 
a  tendency  toward  grater  electrodermal  responsivity  among  spectrum-diagnosed 
subjects  as  compared  to  their  matched  controls.   There  was  also  a  significant 
finding  for  conditionability  which  suggested  that  spectrum-subjects  manifested 
a  greater  degree  of  conditioning  than  did  controls.   The  ego  strength  variable 
differentiated  subjects  in  terms  of  their  response  amplitude  to  orienting  tones. 
Several  other  significant  findings  indicated  a  tendency  toward  response 
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habituation  for  high  rather  than  low  ego  strength  subjects.   Both  sets  o£ 
results  were  interpreted  as  showing  a  modest  but  consistent  trend  with  that  of 
previous  studies.   The  relative  lack  of  significant  findings  for  the  interaction 
of  the  diagnostic  and  ego  strength  variables  was  also  discussed. 

A  comprehensive  review  of  the  literature  on  personality  factors  and  electro- 
dermal  arousal  was  also  completed  during  this  review  period.   This  paper  was 
specifically  oriented  toward  evaluating  the  degree  of  consistency  between 
theory  and  research  on  electrodermal  arousal  for  extraversion,  field  dependence- 
independence,  ego  strength  and  sensation-seeking  variables.   The  major  findings 
were  that  type  of  stimulus  situation  tends  to  be  important  in  obtaining  arousal 
differences  for  personality  groups,  certain  personality  dimensions  show  global 
trends  for  electrodermal  conditionability. 

It  was  also  found  that  these  four  Western  personality  dimensions  show  some 
correspondence  with  the  Russian  dimensions  of  strength  of  the  nervous  system 
and  dynamism  of  excitation.   Despite  a  paucity  of  research  directly  testing 
these  relationships,  there  is  a  consistent  trend  in  several  recent  reports  that 
extraversion  is  associated  with  the  strength  dimension.   Based  upon  these 
findings,  several  suggestions  were  made  for  carrying  out  future  studies 'on 
arousability  and  personality. 

Data  analysis  and  report  writing  is  continuing  on  a  study  of  autonomic 
nervous  system  and  attentional  functioning  in  drug-free  acute  schizophrenic 
patients  and  normal  controls.   The  major  findings  are  greater  ANS  activity  (as 
measured  by  skin  conductance  and  heart  rate)  in  the  patients  under  resting  con- 
ditions, smaller  phasic  and  tonic  increments  in  arousal  to  a  variety  of  stimuli 
and  tasks  (even  when  initial  levels  are  taken  into  account),  reduced  anticipatory 
activity,  and  slow  habituation.   The  pattern  is  similar  to  previous  results  with 
drug-free  chronic  patients.   These  characteristics,  however,  were  found  to  be 
pronounced  only  in  patients  who  remained  acutely  psychotic  during  a  4-5  month 
hospitalization.   Patients  who  recovered  from  the  psychotic  episode  more  quickly, 
despite  equally  severe  psychopathology  ratings  at  the  time  of  testing,  did  not 
have  as  deviant  ANS  or  attentional  functioning.   In  addition,  this  functioning 
did  not  change  appreciably  with  clinical  improvement,  suggesting  either  that 
the  psychophysiological  changes  preceded  the  change  in  psychopathology  or  that 
they  are  more  permanent  aspects  of  functioning,  similar  to  traits. 

An  attempt  to  replicate  and  extend  some  of  these  findings  is  in  progress. 
In  addition,  since  the  patients  in  the  current  study  are  on  a  double-blind  drug 
protocol,  it  will  be  possible  to  determine  if  the  psychophysiological  data  has 
any  predictive  value  for  specific  types  of  pharmacotherapy.   We  have  also  begun 
testing  patients  on  the  protocol  to  determine  the  effects  of  drugs  on  ANS 
functioning. 

In  other  research  we  are  attempting  to  discover  psychological  and  biological 
relationships  to  ANS  and  attentional  performance  in  normal  subjects,  partly  to 
elucidate  the  findings  obtained  in  patients.   A  collaborative  study  with  LSES,   ( 
APB,  and  LCS  in  the  data  analysis  stage  concerns  the  interrelationships  of  ANS 
and  monoamine  oxidase  activity,  perceptual  task  performance,  personality,  mood 
and  everyday  behavior.   A  partial  replication  of  this  study  focuses  on  ANS 
responses  to  stimuli  of  various  intensities  in  relation  to  traits  suoh  as  extra-- 
version,  anxiety  and  stimulus  seeking. 
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We  are  participating  in  a  study  with  APB  on  the  effects  of  d-amphetamine 
on  the  ANS  and  attention  in  normal  and  hyperactive  children,  which  we  hope  will 
help  us  understand  the  "paradoxical"  quieting  effects  of  stimulant  drugs. 
Finally,  in  a  study  about  to  begin  with  investigators  from  LCS,  we  will  be 
testing  the  effects  of  psychological  stress  on  concurrent  determinations  of  ANS 
variables  and  plasma  catecholamines  in  normal  subjects  and  in  patients  with  ANS 
related  disorders,  such  as  hypertensives  and  certain  neurotic  groups. 

Other  studies 

A  continuing  purpose  of  our  research  is  to  specify  the  functional  speech 
units  in  perception  and  production.   The  unit  under  study  is  the  phonemic  clause, 
a  linguistically  defined  string  averaging  7  to  8  syllables,  which  has  been  shown 
in  a  series  of  previous  studies  to  have  psychological  as  well  as  linguistic 
significance. 

Our  current  stragegy  is  to  examine  experimentally  the  deplojrment  of 
listeners'  attention.   We  hope  to  show  that  speech  perception  is  a  phasic  pro- 
cess involving  alternation  between  passive  short-term  memory  registry  during 
the  utterance  of  a  phonemic  clause  and  a  burst  of  cognitive  activity  at  the 
termination  of  the  clause. 

This  phasic  conceptualization  implies  a  corresponding  phasic  deployment  of 
attention,  outward  during  the  registry  of  the  clause  and  inward  during  the 
cognitive  processing  and  recoding  at  the  terminal  boundary. 

In  a  series  of  preliminary  studies  we  attempted  to  study  this  hypothetical 
process  using  the  cortical  average  evoked  response  as  the  dependent  variable. 
In  the  past  year  we  have  tabled  this  approach  and  shifted  to  reaction  time  and 
GSR  as  measures  of  intercurrent  shifts  in  attention.   An  audio  tape  of  a  dialogue 
is  played  to  the  subject,  and  he  is  instructed  to  pay  attention  to  the  dialogue 
and  to  press  a  key  whenever  he  hears  a  click  in  his  earphone.   The  clicks  have 
been  precisely  placed  on  the  second  channel  of  the  audio  tape  such  that  half 
of  them  occur  at  clause  boundaries  and  half  elsewhere  within  clauses.   The 
experimental  prediction  is  that  the  subject's  mean  reaction  time  will  be  longer 
and  his  GSR  slower  and  smaller  to  the  clicks  occurring  at  boundaries,  because 
his  attention  will  be  occupied  with  the  necessary  cognitive  processing. 

It  is  important  to  note  that,  if  successful,  this  project  will  open  an 
unexplored  domain.   No  investigation  of  brain  response  to  natural  speech  has 
ever  been  carried  out.   Beyond  the  initial  normative  studies  lie  the  possibil- 
ities of  investigating  attentional  abnormalities  or  deficits  in  schizophrenia, 
with  particular  regard  to  lateral  specification  of  cortical  function.   It  is 
widely  believed  that  much  of  the  cognitive  and  perceptual  deficit  in  schizo- 
phrenia may  reflect  an  underlying  disorder  of  attention,  specifically  an  impair- 
ment in  the  capacity  to  organize  complex  stimulus  patterns  and  focus  on  the 
salient  elements.   Since  the  left  hemisphere  seems  to  be  specialized  for  speech, 
a  psycholinguistic  approach  to  the  problem  of  laterality  and  attention  has  con- 
siderable strategic  potential,  at  this  stage  of  our  knowledge. 

Our  research  on  schizophrenic  thought  disorder  has  moved  from  issues  of 
informational  organization,  semantic  organization,  context,  to  an  analysis  of 
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syntactical  structures  and  how  these  might  determine  the  characteristics  of 
schizophrenic  thinking. 

r 

The  research  efforts  have  invariably  been  executed  within  a  framework  wha.v-n 
promotes  a  translation  of  clinical  findings,  basic  biological  findings,  and 
psychological  cognitive  observation  so  that  research  in  these  ordinarily  dispar- 
ate areas  can  be  reflected  and  used  to  more  effectively  understand  both  basic 
processes  and  clinical  phenomena. 

Other  research  efforts  summarized  here  have  had  three  broad  and  necessarily 
interrelated  aims.   These  have  included  studies  of  1)  psychological  processes} 
that  might  account  for  the  storage  (learning,  acquisition)  of  experience  and 
the  conditions  that  permit  its  retrieval  at  some  later  time,  2)  the  biology  of 
information  storage  and  retrieval,  and  3)  the  pathological  expression  and 
changes  in  information  processing  or  those  that  occur  in  response  to  drug- 
altered  changes  in  the  brain. 

The  research  that  has  been  pursued  most  recently  in  this  laboratory  under 
cognitive  storage  and  retrieval  mechanisms  has  included: 

a)  Studies  characterizing  the  relationship  between  stimulus  characteristics 
(e.g.,  imagery,  encoding  factors,  post-stimulus  arousal)  and  retrieval  condi- 
tions that  relate  to  specific  and  nonspecific  encodings  of  stimuli. 

b)  Characteristics  of  semantic  memory  and  its  reflection  in  determining 
the  encoding  of  events. 

c)  The  consistency  of  retrieval  from  long-term  memory  as  a  function  of 
stimulus  encoding. 

d)  Cognitive  processes  that  define  information  acquisition  as  reflected  , 
in  the  prediction  of  later  recall  probabilities. 

e)  Speed  of  processing,  retrieval  and  stimulus  encoding  as  determinants 
of  various  components  of  learning  and  memory.   This  has  been  studied  by  using 
levels  of  processing  analyses  of  information  storage  and  retrieval. 

f)  The  nature  of  reinforcement  in  memory  consolidation. 

A  number  of  projects  have  been  generated  which  have  explored  some  of  the 
biological  factors  that  might  help  account  for  the  psychological  mechanisms, 
as  above,  where  these  studies  have  been  pursued  in  parallel  with  the  research 
efforts  outlined  above. 

a)  Characteristics  of  memory  consolidation  as  determined  by  arousal  manip- 
ulations at  the  time  of  information  storage,  or  just  after  acquisition.   These 
studies  have  involved  manipulations  using  behavioral  techniques  and  with  the 
use  of  drugs. 

b)  Drug  manipulation  of  REM  sleep  and  its  effects  on  various  components 
of  mood,  arousal,  storage  and  retrieval  of  information. 

c)  State-dependent  learning  of  information  under  various  drug  conditior.L 
including  marijuana,  physostymine,  amphetamine,  etc.   This  research  has  been 
used  as  a  particularly  useful  tool  in  defining  the  biological  state  that  deter- 
mines the  context  for  uniquely  storing  (encoding)  and  retrieving  events. 

d)  Changes  in  learning,  memory  and  retrieval  of  language  and  pattern  infor- 
mation in  response  to  amphetamine  treatment  is  presently  being  examined  in  a 
group  of  normal  children.   The  focus  of  the  study  has  been  to  examine  the  amphet- 
amine cognitive  response  in  terms  of  various  components  of  storage  and  retrieval 
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processes.   Clinical  studies  have  remained  the  most  Important  arena  for  investi- 
gating factors  that  might  account  for  the  acquisition  and  retrieval  of  experi- 
ence.  It  has  also  become  increasingly  clear  that  the  cognitive  models  we  have 
developed  have  been  particularly  useful  in  providing  us  with  a  far  fuller,  more 
detailed  picture  of  a  variety  of  important  clinical  phenomena. 

We  have  completed  and  expanded  research  in  the  following  areas: 

a)  We  have  extensively  explored  and  researched  the  dementias  including: 
Huntington's  disease,  Korsakoff's  psychosis,  Alzheimer's  disease,  and  other 
"organic"  disorders.   At  this  point  we  feel  we  have  built  a  major  program  for 
the  interrelated  study  of  the  psychology  and  biology  (e.g.,  neurochemistry, 
psychopharmacology)  of  the  dementias.   It  would  appear  that  we  have  been  partic- 
ularly successful  in  building  and  then  using  the  bridges  that  might  tie  cognitive" 
psychology  to  a  biological  framework  and  where  these  two  broadly  defined  systems 
might  jointly  be  productively  used  to  study  a  set  of  discrete  brain  syndromes. 

b)  The  mood  disturbances  in  man:   We  have  continued  to  research  how  changes 
in  mood  might  1)  be  defined  (scaled),  2)  alter  how  experiencing  is  encoded, 

3)  affect  the  amount  of  information  which  can  be  learned  and  remembered,  4)  be 
accounted  for,  in  part,  by  mood  state  specific  lateralization  of  brain  cognitive 
functioning,  5)  and  be  altered  by  drugs  that  alter  mood  state. 

The  purpose  of  one  of  our  projects  is  to  develop  valid  methods  for  assessing 
variations  in  perceptual  capacities.   Most  current  methods  are  susceptible  to 
artifacts  arising  from  the  way  individuals  are  tested  and  from  their  attitudes 
toward  the  variables  being  assessed  and  toward  the  person  performing  the  assess- 
ment.  Effects  associated  with  psychopathology,  organic  disability,  or  drug 
conditions  can  be  duplicated  in  normal  individuals  under  normal  circumstances. 
The  duplication  is  not  a  matter  of  simulation  but  rather  depends  on  attitudes 
and  factors  of  which  neither  the  subject  nor  the  investigator  is  usually  aware. 

A  strong  attitudinal  influence  lies  in  the  distinction  subjects  make 
between  "real"  and  "nonreal"  perceptual  effects.   This  distinction  is  demon- 
strable in  children  beginning  at  about  the  age  of  4-5  years  and  in  adults  of 
all  ages.   It  is  manifested  in  many  behavioral  functions  but  is  particularly 
accessible  to  investigation  in  judgments  of  the  visual  sizes,  shapes,  and 
distances  of  objects,  illusions,  and  other  judgmental  tasks  involving  the 
integration  of  stimulus  information  from  several  sources  into  a  unitary  concept 
or  percept. 

An  approach,  known  as  functional  measurement  theory,  is  being  developed 
for  dealing  with  such  perceptual-integrative  problems  in  a  scientifically  ade- 
quate way.   This  approach  tests  the  validity  of  measurement  by  evaluating  logi- 
cally and  mathematically  required  consistencies  among  judgments  over  a  wide 
range  of  combinations  of  stimuli.   An  experiment  has  been  designed  according  to 
the  functional  measurement  paradigm  to  study  the  integration  of  size  and  distance 
information  comparing  instructions  to  judge  apparent  visual  magnitudes  with 
instructions  to  judge  objective,  physical  magnitudes.   Testing  of  subjects  in 
this  experiment  is  presently  under  way. 

Recent  research  findings  have  been  interpreted  to  mean  that  very  young 
infants  are  able  to  integrate  visual  infonnation  into  veridical  percepts  of 
three-dimensional  external  reality.   On  this  question  a  collaborative  experiment 
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with  another  Laboratory  has  been  completed.   Infants  two  to  three  months  of 
age  were  tested  for  their  ability  to  discriminate  combinations  of  objective 
shape,  projective  shape,  and  slant  of  a  visual  surface.   The  results  indicate 
that  the  infants  responded  to  variations  in  proximal  cues,  such  as  differential 
motion  parallax  or  retinal  disparity,  but  did  not  achieve  a  unitary  percept  of 
a  given  shape  at  a  given  slant  in  depth.   The  perceptual  integration  of  visual 
information  into  a  veridical  representation  of  external  reality  thus  appears 
not  to  be  inborn  but  requires  experience  and  maturation  for  development. 

This  Laboratory  has  collaborated  with  members  of  the  Cancer  Institute  f- 
a  project  which  includes  other  NIMH  scientists  as  well.   Our  participation  is 
centered  around  using  the  MMPI  to  predict  relapse  after  surgical  removal  of 
melanoma  tissue.   Preliminary  analysis  suggests  that  psychological  factors 
assessed  with  the  MMPI  can  correctly  predict  relapse  or  non-relapse  better 
than  chance.   The  predictive  accuracy  is  on  a  par  with  biological  predictors. 
A  second  sample  is  being  assessed  to  cross-validate  our  predictive  functions. 

These  projects  illustrate  the  usefulness  of  combining  psychological 
assessment  and  individual  differences  methodology  with  psychiatric  conceptuali- 
zation of  clinical  research  problems. 

During  the  report  period,  a  research  project  on  personality  and  psycho- 
physiology  received  Medical  Board  approval.   The  project  is  designed  to  shed 
information  on  how  such  factors  as  stimulus  intensity,  unchanged  stimulus  input, 
heteromodal  stimulation,  and  sensory  threshold  task  performance  differentially 
affect  autonomic  nervous  system  functioning  in  selected  personality  groups. 
Examined  also  is  the  relative  correspondence  of  bilateral  electrodermal  acti-^   y 
and  its  relation  to  perceptual  task  performance.   Black  and  white  male  college 
volunteers  are  sampled  in  an  effort  to  further  comprehend  racial  differences 
in  autonomic  functioning  to  imperative  and  uncontrolled  stimulus  input. 

To  date,  fifty-four  subjects  have  been  tested.   Data  analysis  which  com- 
prises roughly  three  to  four  hours  per  record  is  nearing  completion  for  the 
first  session. 

The  proposed  course  of  the  project  is  to  continue  testing  until  a  sufficient 
sample  size  (e.g.,  150)  has  been  attained.   We  also  anticipate  expanding  the 
project  to  include  female  subjects  and  psychiatric  interview  information  on  a 
selected  number  of  individuals  previously  tested  under  the  original  protocol. 
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A.NNUAL  REPORT  OF  THE  LABORATORY  OF  SOCIO-ENVIRONMENTAL  STUDIES 

NATIONAL  INSTITUTE  OF  MENTAL  HEALTH 

July  1,  1976  through  September  30,  1977 

Melvin  L.  Kohn,  Ph.D.,  Chief 

The  time-scale  of  social  science  research  is  very  different  from 
that  of  most  research  done  at  N.I.H. — our  "projects"  often  take  a  year 
or  two  to  formulate,  another  two  years  or  more  for  data  collection  and 
the  preparation  of  the  data  for  statistical  analysis,  and  many  years  for 
analysis  of  the  data  and  interpretation  of  the  results.   This  process  ±s 
further  extended  when  the  results  of  a  cross-sectional  study  warrant  the 
collection  of  additional  data  from  the  same  respondents  to  make  possible 
longitudinal  analysis.   Such  analysis  is  of  inestimable  value  in  pinning 
down  causal  processes.   One  of  our  projects,  on  occupational  experience 
and  psychological  functioning,  has  just  completed  the  transition  from 
cross-sectional  to  longitudinal  research,  with  the  first  solid  results 
of  the  longitudinal  analyses  newly  produced.   A  second,  on  the 
social-structural  sources  of  stress,  is  beginning  that  same  transition, 
still  analyzing  the  cross-sectional  data,  while  simultaneously 
progressing  well  into  the  data-collection  phase  of  a  "follow-up"  survey 
of  the  same  respondents.   A  third  project,  on  health  orientations  of 
children,  relies  on  multiple  sources  of  data  rather  than  on  longitudinal 
analysis  for  making  causal  inferences;  this  project  is  far  into  the 
analysis  and  reporting  of  its  results. 

OCCUPATIONAL  EXPERIENCE  AND  PSYCHOLOGICAL  FUNCTIONING 

This  study  has  a  long  and  productive  history,  summarized  in  the 
annual  reports  of  the  past  several  years.   The  principal  investigators 
are  Melvin  Kohn  and  Carmi  Schooler,  together  with  Joanne  Miller  and 
Karen  Miller,  who  are  here  on  extended  post-doctoral  fellowships. 

The  main  goal  of  this  research  is  to  assess  the  effects  of 
occupational  conditions  on  psychological  functioning.   The  research 
began  with  structured  interviews  of  3100  men,  a  representative  sample  of 
all  men  employed  in  civilian  occupations  throughout  the  United  States. 
These  interviews  were  conducted  to  our  specifications  by  the  National 
Opinion  Research  Center  of  the  University  of  Chicago  in  1964.   In  1974, 
the  National  Opinion  Research  Center  conducted  follow-up  interviews, 
again  to  our  specifications,  with  a  randomly-selected  one-fourth  of  the 
men  who  had  participated  in  the  original  survey.   A  nearly  identical 
interview  was  conducted  with  the  wives  of  presently-married  men  and, 
wherever  a  man  had  one  or  more  children  in  the  age-range  13  through  25, 
a  similar  interview  v/as  conducted  with  a  randomly-selected  child. 
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From  these  longitudinal  data,  we  hope  to  assess  with  some 
precision  the  magnitudes  of  the  reciprocal  effects  of  occupational 
conditions  and  various  facets  of  psychological  functioning.   The  study 
of  the  wives  is  designed  to  ascertiin  whether  occupational  conditions 
affect  men  and  women  similarly.   These  data  should  also  enable  us  to 
assess  the  effects  of  men's  occupational  experiences  on  their  wives' 
psychological  functioning  and  of  women's  occupational  experiences  on 
their  husbands'  psychological  functioning,  in  each  case  taking  account 
of  the  individual's  own  occupational  experiences.   The  study  of  the 
children  is  designed  for  exploratory  analyses  of  the  effects  of  parental 
experiences,  values,  and  practices  on  their  children's  psychological 
development,  as  well  as  of  the  children's  own  educational  and 
occupational  experiences  on  their  ov;n  psychological  development. 

During  this  past  year,  our  major  research  efforts  have  been  focused 
on  four  objectives:   (1)  Analyzing  the  reciprocal  relationship  between 
the  substantive  complexity  of  men's  work  and  their  intellectual 
flexibility;  (2)  Developing  measurement  models  for  other  dimensions  of 
occupational  structure  and  other  facets  of  psychological  functioning; 
(3)  Assessing  the  effects  of  occupational  conditions  on  the 
psychological  functioning  of  women;  and  (4)  Analyzing  the  determinants 
of  social  mobility. 

1.   The  reciprocal  relationship  between  the  substantive 
complexity  of  men's  work  and  their  intellectual  flexibility.   Our 
longitudinal  assessment  of  the  reciprocal  relationships  between 
occupational  conditions  and  psychological  functioning  has  thus  far 
focused  on  one  pivotal  dimension  of  occupational  structure,  the 
substantive  complexity  of  work,  and  one  pivotal  dimension  of 
psychological  functioning,  intellectual  flexibility.   We  chose  the 
substantive  complexity  of  work  as  the  occupational  condition  to  be 
assessed  in  this  analysis  for  three  reasons:   Substantive  complexity  is 
a  central  element  of  occupational  structure — an  important  determinant  of 
occupational  self-direction  and  an  important  "structural  imperative"  of 
the  job.   Moreover,  substantive  complexity  is  as  strongly  correlated 
with  psychological  functioning  as  is  any  otVier  dimension  of  occupation 
we  have  examined.   Finally,  we  have  excellent  descriptive  information 
about  the  substantive  complexity  of  work,  which  we  have  been  able  to 
validate  by  comparison  to  the  objective  job  assessments  of  trained 
occupational  analysts. 

We  chose  intellectual  flexihij.ity  as  the  aspect  of  psychological 
functioning  to  be  assassed  in  this  j'uiLysis  in  part  because  it  offers  us 
the  greatest  challenge — intellectua i  flexibility  obviously  affects 
recruitment  into  substantively  conpLex  jobs,  and  there  is  every  reason 
to  expect  it  to  be  one  of  the  most  resistant  to  change  of  all  facets  of 
psychological  functioning  we  have  -e.isured.   Moreover,  intellectual 
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flexibility  is  so  important  a  part  of  psychological  functioning  that  we 
must  not  unthinkingly  assume  it  to  be  entirely  the  product  of  genetics 
and  early  life  experience.   Rather,  we  should  empirically  test  the 
possibility  that  intellectual  flexibility  may  be  responsive  to  the 
experiences  of  adult  life. 

Analyses  of  longitudinal  data  are  immensely  difficult,  because 
they  require  the  development  of  "measurement  models"  that  separate 
unreliability  of  measurement  from  real  change  in  the  phenomena  studied. 
For  example,  we  need  to  be  able  to  assess  how  much  of  the  apparent 
change  in  the  substantive  complexity  of  men's  work  represents  real 
change  in  men's  job  conditions  over  the  10-year  interval  between  the 
initial  survey  and  the  follow-up  survey,  and  how  much  is  a  function  of 
unreliability  in  the  measuring  instruments.   Similarly,  we  need  to  be 
able  to  assess  how  much  of  the  apparent  change  in  intellectual 
flexibility  represents  real  change  in  men's  cognitive  functioning  and 
how  much  is  a  result  of  measurement  error. 

Recently,  Joreskog  and  his  associates  have  introduced  powerful  new 
procedures  for  using  maximum-likelihood  confirmatory  factor  analysis  to 
separate  unreliability  from  change  in  causal  analysis.   The  essence  of 
these  measurement  models  is  the  use  of  multiple  indicators  of  each  of 
the  principal  concepts.   Using  confirmatory  factor  analysis,  it  is 
possible  to  infer  from  the  covariation  of  the  indicators  the  degree  to 
which  each  reflects  the  underlying  concept  that  they  all  are 
hypothesized  to  reflect  and  the  degree  to  which  each  reflects  anything 
else,  which  for  measurement  purposes  is  considered  to  be  error.   The 
measurement  models  must  allow  for  unreliability  in  all  the  items  that 
measure  a  concept,  and  also  allow  for  these  errors  being  correlated  in 
repeated  measurements  of  the  same  phenomena.   The  test  of  our  success  in 
differentiating  "true  scores"  on  the  underlying  concept  from  error  in 
the  indicators  is  how  well  the  measurement  model  reproduces  the  original 
variance-covariance  matrix. 

We  have  constructed  such  measurement  models  for  both  the 
substantive  complexity  of  work  and  intellectual  flexibility.   The  models 
show  the  over-time  stability  of  both  variables  to  be  high,  that  of 
intellectual  flexibility  especially  so:   the  correlation  between  men's 
intellectual  flexibility  at  the  time  of  the  original  study  and  their 
intellectual  flexibility  ten  years  later,  shorn  of  measurement  error,  is 
0.93.   Nevertheless,  the  reciprocal  effects  of  substantive  complexity 
and  intellectual  flexibility  are  considerable. 

The  effect  of  substantive  complexity  on  intellectual  flexibility 
is  approximately  one-fourth  as  great  as  the  effect  of  men's  10-year 
earlier  levels  of  intellectual  flexibility.    This  effect  is  essentially 
contemporaneous:   the  lagged  path  from  1964  substantive  complexity  to 
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1974  intellectual  flexibility  is  a  statistically  nonsignificant  0.05, 
while  the  contemporaneous  path  from  1974  substantive  complexity  is  a 
more  substantial  and  statistically  significant  0ol8. 

An  effect  of  this  magnitude  might  not  in  ordinary  circumstances 
be  considered  especially  striking;  but  a  continuing  effect  of  this 
magnitude  on  so  stable  a  phenomenon  as  intellectual  flexibility  is 
impressive,  for  the  cumulative  impact  is  much  greater  than  the  immediate 
effect  at  any  one  time.   Continuing  effects,  even  small-to— moderate 
continuing  effects,  on  highly  stable  phenomena  become  magnified  in 
importance.   The  effect  of  the  substantive  complexity  of  work  on 
intellectual  flexibility  is  especially  noteworthy  when  we  take  into 
account  that  we  are  dealing  with  men  no  younger  than  26  years  of  age, 
who  are  at  least  ten  years  into  their  occupational  careers. 

The  reciprocal  effect  of  intellectual  flexibility  on  substantive 
complexity  is  even  more  impressive — surpassing  that  of  the  substantive 
complexity  of  the  1964  job.   This  effect  is  entirely  lagged,  i.e.,  it  is 
the  men's  intellectual  flexibility  in  1964,  not  their  contemporaneous 
intellectual  flexibility,  that  significantly  affects  the  substantive 
complexity  of  men's  1974  jobs.   The  longitudinal  analysis  thus 
demonstrates  something  that  no  cross-sectional  analysis  could  show  — 
that,  over  time,  the  relationship  between  substantive  complexity  and 
intellectual  flexibility  is  truly  reciprocal.   Substantive  complexity 
has  a  more  immediate  effect  on  intellectual  flexibility:   today's  job 
demands  affect  today's  thinking  processes.   Intellectual  flexibility,  by 
contrast,  has  a  delayed  effect  on  substantive  complexity:   today's 
intellectual  flexibility  has  scant  effect  on  today's  job  demands,  but  it 
will  have  a  sizeable  effect  on  the  further  course  of  one's  career. 
Cross-sectional  analyses  portray  only  part  of  this  process,  making  it 
seem  as  if  the  relationship  between  the  substantive  complexity  of  work 
and  psychological  functioning  were  mainly  unidirectional,  with  work 
affecting  psychological  functioning  but  not  the  reverse.   The 
longitudinal  analysis  portrays  a  more  intricate  and  more  interesting, 
truly  reciprocal,  process. 

The  data  thus  demonstrate,  beyond  reasonable  doubt,  what 
heretofore  could  be  stated  as  only  a  plausible  thesis  buttressed  by 
presumptive  evidence — that  the  substantive  complexity  of  men's  work  both 
considerably  affects,  and  is  considerably  affected  by,  their 
intellectual  flexibility. 

These  findings  come  down  solidly  in  support  of  those  who  see 
occupational  conditions  as  affecting  personality  and  in  opposition  to 
those  who  see  the  relationship  between  occupational  conditions  and 
personality  as  resulting  solely  from  selective  recruitment  and 
job-molding.   We  do  not  deny  that  personality  has  great  importance  in 
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determining  who  go  into  what  types  of  jobs  and  how  they  perforin  those 
jobs;  in  fact,  our  analyses  underline  the  importance  of  these  processes. 
But  that  has  never  been  seriously  at  issue.   What  has  been  disputed  is 
whether  the  reverse  phenomenon — of  job  conditions  molding 
personality — also  occurs.   The  evidence  of  the  study  unequivocally 
supports  the  position  that  it  does  occur.   Thus  the  findings  bear 
directly  on  an  issue  central  to  the  field  of  social  structure  and 
personality —  whether  social-structural  conditions  affect  personality 
only  through  childhood  socialization  or  continue  to  affect  personality 
throughout  the  life  span.   Here  is  clear  evidence  that  one  important 
facet  of  social  structure —  the  substantive  complexity  of  work — directly 
affects  adult  personality. 

In  particular,  this  study  adds  to  and  helps  specify  the  growing 
evidence  that  the  structure  of  the  environment  has  an  important  effect 
on  cognitive  development  and  that  cognitive  processes  do  not  become 
impervious  to  environmental  influence  after  adolescence  or  early 
adulthood,  but  continue  t»  show  "plasticity"  throughout  the  life  span. 
Our  findings  reinforce  this  conclusion  by  showing  that  intellectual 
flexibility  continues  to  be  responsive  to  experience  well  into 
mid-career  and  probably  beyond.   In  fact,  it  appears  that  the  remarkable 
stability  of  intellectual  flexibility  reflects,  at  least  in  part, 
stability  in  people's  life  circumstances.   Intellectual  flexibility  is 
ever-responsive  to  changes  in  the  substantive  complexity  of  people's 
work;  for  most  people,  though,  the  substantive  complexity  of  work  does 
not  fluctuate  markedly. 

This  study  demonstrates  as  well  the  importance  of  the  impact  of 
intellectual  flexibility  on  substantive  complexity.   We  think  it 
noteworthy  that  this  effect  appears  to  be  lagged,  rather  than 
contemporaneous.   The  implication  is  that  the  structure  of  most  jobs 
does  not  permit  any  considerable  variation  in  the  substantive  complexity 
of  the  work:   job  conditions  are  not  readily  modified  to  suit  the  needs 
or  capacities  of  the  individual  worker.   Over  a  long  enough  time, 
though — certainly  over  a  period  as  long  as  ten  years — many  men  either 
modify  their  jobs  or  move  on  to  other  jobs  more  consonant  with  their 
intellectual  functioning.   Thus,  the  long-term  effects  of  intellectual 
flexibility  on  substantive  complexity  are  considerable,  even  though  the 
contemporaneous  effects  appear  to  be  negligible. 

2.   Measurement  models  for  other  dimensions  of  occupational 
structure  and  other  facets  of  psychological  functioning.   The  next  step 
in  this  analysis  is  to  extend  the  causal  model  from  one  occupational 
condition,  the  substantive  complexity  of  work,  and  one  facet  of 
psychological  functioning,  intellectual  flexibility,  to  a  much  more 
general  model  of  the  interrelationship  of  occupational  structure  and 
psychological  functioning.   To  this  end,  we  have  constructed  measurement 
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nodels  for  such  dimensions  of  occupational  structure  as  closeness  of 
supervision  and  routinization  of  work,  and  for  such  facets  of 
psychological  functioning  as  self-esteem,  anxiety,  authoritarian 
conservatism,  receptiveness  or  resistance  to  change,  and  standards  of 
morality.   We  are  now  in  process  of  combining  these  various  measurement 
models,  so  that  we  can  estimate  the  correlations  among  the  various 
concepts,  shorn  of  measurement  error.   This  step  in  tVie  research  process 
is  both  tedious  and  demanding;  but  it  is  essential.   Once  past  this,  we 
shall  be  in  position  to  undertake  the  intended  large-scale  causal 
analysis  of  the  reciprocal  effects  of  occupational  structure  and 
psychological  functioning. 

3,   The  effects  of  occupational  conditions  on  the  psychological 
functioning  of  women.   Formal  employment  is  clearly  becoming  a  more 
common  life  experience  for  women.   The  rate  of  female  labor  force 
participation  has  been  steadily  increasing;  in  1970,  over  40%  of  the 
adult  female  population  was  employed. 

The  1974  follov^-up  survey  of  men  in  the  civilian  labor  force 
included  an  interview  with  the  wife  of  those  men  who  v/ere  then  married. 
fleasures  of  psychological  functioning  and  job  histories  were  obtained  in 
a  form  closely  parallel  to  that  of  the  men's  interviews.   We  are 
currently  using  these  data  to  assess  the  gffects  of  occupational 
conditions  on  women's  psychological  functioning.   The  first  phase  of  the 
analysis  of  the  women's  data  has  been  to  determine  whether  the  questions 
used  to  measure  intellectual  flexibility,  self-conception,  values,  and 
social  orientation  had  tb.e  same  meaning  for  women  as  for  men.   For 
example,  the  questions  that  were  used  to  index  father's  values  for  their 
children  have  been  shown  to  distinguish  fathers  who  stress 
self -direct ion  from  those  who  place  more  importance  on  conformity  to 
external  authority.   If  we  are  to  compare  the  effect  of  occupational 
conditions  on  men's  and  women's  parental  values,  the  same  questions  must 
index  the  same  dimensions  of  valuation  for  mothers.   It  is  possible,  for 
example,  that  mothers'  values  might  center  on  interpersonal 
relationships  or  aspirations  instead  of  on  self-direction  and  conformity 
to  external  authority.   If  the  same  questions  tap  an  entirely  different 
concept  for  women,  statistical  comparisons  become  impossible. 

Our  analysis  shows  that  all  the  major  measures  of  values, 
self-conception,  social  orientation,  and  intellectual  functioning  have 
the  same  factor  structure  for  women  as  for  men.   This  finding  not  only 
simplifies  the  research  strategy  of  the  study,  but  further  verifies  the 
universality  of  the  concepts. 

The  next  step  in  the  analysis  is  to  assess  the  impact  of  job 
conditions  of  formally  employed  women  on  their  psychological 
functioning.   The  strategy  for  this  inquiry,  now  in  progress,  is  to 
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establish  the  overall  relationship  between  conditions  of  work  and 
psychological  functioning  for  women,  and  then  to  investigate  special 
circumstances  that  may  alter  this  relationship.   Two  emplcyment 
characteristics  particularly  relevant  in  analyses  dealing  with  working 
women  are  full-  versus  part-time  employment  and  occupational  commitment. 
One  might  expect  the  effect  of  occupational  conditions  to  be  muted  if 
the  work  is  not  full-time  or  is  not  of  central  importance  to  the 
individual. 

4.   The  determinants  of  social  mobility.   The  data  of  this  study 
are  also  being  used  to  study  social  mobility.   Although  a  great  deal  of 
sophisticated  research  has  previously  been  carried  out  in  this  area,  the 
size  of  our  sample  and  the  depth  and  extensiveness  of  our  data  permit  us 
to  replicate  and  substantially  extend  the  work  of  others.   We  can 
compare  the  mobility  processes  of  old  and  young,  black  and  white,  and 
urban  and  rural  populations.   We  are  also  able  to  enlarge  considerably 
the  list  of  social  characteristics  that  may  serve  as  predictors  of 
attained  occupational  status.   We  do  this  by  including  in  our  models  of 
the  inter-generational  mobility  process  such  variables  as  maternal  and 
paternal  grandfathers'  occupational  status  and  such  aspects  of  the 
individual's  childhood  as  the  religion  and  region  of  the  country  in 
which  he  was  reared. 

We  are  also  in  a  position  to  take  an  unusually  intensive  look  at 
Lntra-generational  mobility,  because  we  have  bo^th  extensive  background 
information  and  unusually  detailed  job  histories.   We  can  thus  analyze 
not  only  the  determinants  of  the  job  the  individual  held  at  the  time  of 
the  follow-up  study  in  1974,  but  also  determinants  of  the  job  he  held  at 
the  time  of  the  initial  interview  in  1964,  and  of  the  first  job  he  held 
for  6  months  or  longer.   Furthermore,  since  we  have  extensive  data  on 
many  aspects  of  the  individual's  value  system  and  psychological 
functioning  in  1964,  we  can  see  how  such  characteristics  affected  his 
occupational  mobility  to  1974. 

These  analyses  have  not  yet  been  carried  far  enough  to  come  to 
firm  conclusions.   Analyses  have  also  been  performed  on  the 
psychological  effects  of  mobility.   Here,  our  results,  though 
incomplete,  seem  fairly  certain.   We  have  not  been  able  to  locate  any 
psychological  effects  of  mobility  that  are  independent  of  the  effects  of 
the  individual's  social  origins  and  his  present  social  status. 
Mobility,  per  se,  seems  to  have  little  or  no  psychological  impact. 

THE  SOCIAL-STRUCTURAL  SOURCES  OF  STRESS 

Leonard  Pearlin's  inquiry  into  the  social-structural  sources  of 
stress  is  based  on  data  collected  at  two  times  spanning  a  period  of 
about  four  years.   In  1972,  interviews  were  conducted  with  a 
representative  cluster  sample  of  2300  adults  in  the  urbanized  area  of 
Chicago.   These  interviews  sought  information  about  three  features  of 
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people's  lives:   the  chronic,  often  low-keyed,  everyday  problems  that 
people  encounter  in  their  occupational,  marital  and  parental  roles;  the 
coping  strategies  paopie  eraploy  in  dealing  with  life-problems;  and 
symptoms  of  emotional  stress,  anxiety,  and  depression.   Then  in  1976-77, 
a  second  wave  of  interviews  was  conducted  with  a  subsample  of  1200 
people  drawn  from  those  originally  interviewed.   Many  of  the  questions 
asked  in  the  initial  interview  about  chronic  role  problems,  copirs.g,  and 
psychological  distress  were  repeated,  thus  providing  longitudinal 
information  about  stability  and  change  in  these  dimensions  of  people's 
lives.   The  second  interview  also  sought  information  about  potentially 
distressful  types  of  life-strains  that  were  not  included  in  the  1972 
interviews.   One  type  is  represented  in  the  many  events  and  role 
transitions  that  are  normative  aspects  of  life-cycle — e.g.,  being 
married,  having  a  child,  retiring  from  work,  etc.   A  second  type  of 
strain  is  also  a  concomitant  of  commonly  experienced  events,  but  these 
events  are  less  expected  and  more  eruptive,  such  as  divorce,  illness, 
involuntary  unemployment,  and  so  on. 

Together  the  two  interviews  provide  a  large  body  of  information 
about  problems  woven  into  the  fabric  of  major  social  roles,  the  gains 
and  losses  involved  in  life-cycle  transitions,  the  crises  that  can 
intrude  into  people's  lives,  coping  repertoires,  and  psychological 
outcomes.   The  long-range  goal  of  the  research  is  to  reconstruct  from 
this  information  those  elements  of  social  experience  that  are  most 
deleterious  to  mental  health  and  to  learn  how  people  attempt  to  avoid 
being  psychologically  harmed  by  such  experience. 

The  work  of  the  past  year  proceeded  along  two  lines:   the 
continuation  of  the  analysis  of  the  1972  data  and  the  collection  and 
preliminary  examination  of  the  1976-77  data.   Analysis  of  the  earlier 
material  largely  centered  on  identifying  factors  that  raise  or  lower 
self-esteem.   The  understanding  of  self-esteem  is  important  within  a 
larger  study  of  social  stress,  for  earlier  investigation  shows  positive 
self-regard  to  be  a  barrier  to  the  stressful  consequences  of 
life-strains. 

Central  to  the  analysis  is  the  influence  of  social  stratification 
on  self-esteem.   We  have  learned  that  the  level  of  adults'  self-esteem 
is  associated  with  the  level  of  their  education,  their  occupational 
status,  and  their  income.   This  finding  is  at  variance  with  previous 
research,  based  mainly  on  school-age  children;  such  research  has 
consistently  failed  to  find  any  connection  between  stratification  and 
self-esteem.   The  present  study  has  sought  to  identify  why  adult 
self-esteem,  but  not  that  of  children,  is  influenced  by  social  and 
economic  inequality.   One  reason  is  that  children's  location  in  the 
stratif icational  system  is  not  based  on  their  own  personal  success  or 
failure.   In  contrast, .adults  who  are  competing  in  society's  opportunity 
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structures  are  likely  to  see  their  location  as  a  direct  reflection  of 
their  abilities  and,  depending  on  where  they  are,  will  either  suffer 
decrements  or  enjoy  increments  to  self-esteem.   This  is  especially  the 
case  for  adults  who  value  achievement  and  status. 

Another  factor  differentiating  the  relevance  of  stratification  to 
the  self-esteem  of  children  and  adults  is  the  nature  of  adults' 
occupational  experience.   Being  closely  supervised  by  others  and  having 
little  opportunity  for  occupational  self-direction  are  known  from  other 
research  conducted  by  Pearlin  and  by  other  members  of  this  Laboratory  to 
be  inimical  to  self-esteem.   These  conditions  substantially  account  for 
observed  differences  in  self-esteem  among  people  of  different 
occupational  status.   The  comparable  experiences  of  children — in 
school — are  associated  more  with  age  and  grade  in  school  than  x^ith  their 
parents'  social  class  position. 

Finally,  children's  social  interactions,  centered  as  they  are 
around  community  and  school,  are  more  likely  to  be  with  others  of 
similar  social  class  position  than  are  the  social  interactions  of 
adults.   Consequently,  children  are  not  likely  to  make  the  same  kinds  of 
invidious  comparisons,  based  on  class  status,  as  do  adults,  who  are  more 
likely  to  be  in  direct  or  indirect  contact  with  people  of  different 
class  position.   For  adults,  therefore,  status  differences  and  the 
awareness  of  these  differences  are  more  likely   to  be  related  to 
self-esteem.   In  these  ways,  social  stratification  comes  to  affect  the 
development  of  a  crucially  important  personality  characteristic  of 
adults,  but  not  of  children. 

The  first  analysis  of  the  1976-77  follow-up  data,  presently  in 
its  preliminary  stages,  is  concerned  with  the  relative  impact  on 
psychological  well-being  of  the  three  types  of  life-strain  for  which  we 
now  have  information:   chronic  role  problems,  role  transitions,  and 
eruptive  crises.   Findings  are  emerging  that  should  result  in  some 
modification  of  prevailing  thinking.   One  such  finding  is  that  the 
normative  transitions  that  occur  in  occupational  and  family  roles  are 
the  least  provocative  of  emotional  distress.   This  is  contrary  to  a 
widely  held  view  that  the  major  stresses  of  adult  development  and  of 
aging  result  from  the  gain  and  loss  of  roles.   Instead,  the  data 
indicate  that  the  durable  problems  of  daily  life  and  the  eruptive  crises 
with  which  people  have  to  contend  are  more  likely  to  create  distress.   A 
second  finding  contradicts  another  commonly  held  assumption—  that  any 
life-change,  regardless  of  its  nature,  results  in  stress  because  change 
always  demands  some  degree  of  readjustment.   This  does  not  appear  to  be 
the  case,  for  many  changes — such  as  leaving  the  labor  force  to  have 
children,  moving  to  another  job,  or  promotion—are  unrelated  to 
emotional  distress.   Indeed,  remarriage  by  previously  divorced  or 
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widowed  people  is  a  change  that  more  than  any  other  is  associated  with 
psychological  well-being. 

In  the  coming  year  this  inquiry  will  continue  to  analyze  in 
detail  both  the  psychological  consequences  of  different  life-strains  in 
major  social  roles  and  the  conditions  that  mediate  these  consequences. 
The  study  will  also  deal  with  changes  captured  by  the  longitudinal  data, 
attempting  to  establish  relationships  between  external  social 
circumstances  and  inner  emotional  life  both  through  space  and  time. 

HEALTH  ORIENTATIONS  OF  CHILDREN 

The  central  issue  in  John  Campbell's  research  is  to  learn  how 
children  acquire  and  modify  their  perspectives  on  illness  and  health. 
Information  was  obtained  from  264  hospitalized  children  and  their 
mothers  by  use  of  focused  interviews,  questionnaires,  and  rating  scales- 
Interviews  with  children  and  mothers,  and  questionnaires  completed  by 
mothers  provided  data  on  tlieir  definitions  of  illness,  reports  of  their 
own  and  otiier  family  members'  feelings  and  actions  when  ill,  their 
attitudes  and  beliefs  about  illness  prevention  and  treatment,  their 
values  in  selected  areas  not  directly  relevant  to  health,  and  their 
views  about  appropriate  standards  of  behavior  (i.e.,  what  should  or 
should  not  be  done  in  circumstances  pertaining  to  illness  and  health). 

A  major  goal  of  this  research  is  to  clarify  the  manner  in  which 
health  orientations  are  acquired.   It  is  a  premise  of  this  study  that 
the  largely  stable  variations  in  adults'  views  of  health  and  illness  are 
to  an  appreciable  extent  the  products  of  a  social  process  that  begins  in 
childhood.   Influences  contributing  to  these  perspectives  extend  well 
beyond  those  of  specific  health-relevant  experiences;  the  factors  at 
work,  are  integral  to  cliildren's  socialization  more  generally  viewed. 
The  process  leading  to  individual  variations  in  health  orientations  is 
in  considerable  part  determined  by  social  characteristics  of  the  child 
and  family  members,  systematic  differences  in  conditions  of  life,  and 
associated  differences  in  general  parental  values,  role  expectations, 
and  situation-specific  norms. 

Analyses  completed  ttiis  past  year  have  lielped  to  clarify  the 
process  leading  to  individual  dit t erences  in  the  extent  to  which 
children  ex])Ose  themselves  to  ri:;ks  tl;at  ni;.',ht  place  their  health  at 
liazard,  a  matter  of  obvious  imp'-'rlance  to  personal  vjell-being.   Two 
different  types  of  risk  taking  reported  by  children  have  been 
considered:   taking  chances  in  active  play  that  night  lead  to  physical 
injury,  and  risking  illness  by  failing  to  follow  simple  hygienic  or 
health  maintenance  routines.   These  are  logically  and  empirically 
related  types  of  risks,  and  they  siiare  some  antecedents.   But  factc;rs 
strongly  influencing  one  aspect  oC  risk  do  not  necessarily  influence  the 
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other.   Consideration  of  similarities  and  differences  in  effects  of 
possible  antecedents  provides  useful  information  concerning  the 
acquisition  of  orientations  to  health-relevant  risks. 

For  both  areas  of  risk-taking,  older  children  are  more  willing  than 
younger  ones  to  chance  minor  hazards  to  health  and  safety;  this  is 'in 
line  with  developmental  expectations.   General  stereotypes  concerning 
sex-role  development  would  also  suggest  boys,  not  girls,  as  risk  takers. 
This  proves  to  be  clearly  the  case  for  risks  of  injury,  but  whether  the 
child  is  a  boy  or  girl  is  almost  irrelevant  to  whether  simple  hygienic 
conventions  are  neglected.   Parental  socioeconomic  status  does 
significantly  influence  both  children's  taking  risks  of  injury  and 
children's  taking  health  maintenance  risks—but  the  latter  considerably 
more  than  the  former.   The  possibility  of  parental  observation  and 
supervision  is  much  greater  in  the  case  of  health  maintenance  than  in 
the  case  of  playtime  activity;  for  the  latter,  the  child's  peers  may  be 
the  ones  who  exert  pressure  to  bring  risk  performance  in  line  with  age- 
and  sex-role  expectations.   Supporting  this  is  evidence  that,  though 
sibling  structure  has  almost  no  utility  in  predicting  whether  the  child 
neglects  health-maintenance  routines,  children  with  many  siblings 
(especially  older  siblings)  are  much  more  likely  to  take  risks  at  play 
than  are  children  lacking  many  brothers  or  sisters.   Serving  both  as 
role  models  and  enforcers,  older  siblings  and  perhaps  other  children  as 
well  command  the  playing  field.   Parents,  on  the  other  hand,  hold  sway 
at  home. 

In  the  growing  child's  expected  progress  toward  adult  roles, 
parents  obviously  play  a  critical  part.   In  risk-taking,  as  in  other 
areas,  it  is  likely  that  parents  serve  as  role  models  and  that  by 
sanctions  and  encouragement  they  directly  reinforce  action.   But  such 
'  contributions  to  health-relevant  risk  taking  patterns  of  their  children 
also  reflect  two  different  aspects  of  parents'  psychosocial 
orientations:   general  social  values  that  the  parent  holds  for  the 
child,  and  more  situation-specific  standards  for  the  child's  functioning 
in  circumstances  that  might  place  health  at  risk.   Children's  reports  of 
taking  chances  with  illness  or  injury  do  show  the  influence  of  both 
aspects  of  parental  orientations,  but  there  are  differences  in  the  chain 
of  effects.   Mothers'  standards  for  risks  in  health  maintenance  areas 
reflect  family  position  in  the  socioeconomic  structure,  perhaps  implying 
consideration  of  potential  differential  economic  consequences  of 
illness.   And  these  situation-specific  norms  of  the  mother  significantly 
influence  the  child's  own  standards  and,  as  a  consequence,  affect 
whether  the  child  does  or  does  not  follow  health-maintenance  routines. 
For  the  other  area  of  risk,  chancing  injury  while  at  play,  these 
specific  maternal  standards  exercise  little  influence.   Despite  their 
being  unrelated  to  standards  concerned  with  health  maintenance,  parents' 
general  values  for  their  children  (that  is,  broad  goals  that  clearly 
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reflect  parental  characteristics  and  expectations  linked  to  the  child's 
functioning  in  age  and  sex  roles)  also  have  a  considerable  influence  on 
risk-taking  behavior  reported  by  children.   The  influence  of  these 
maternal  values  is  contingent  on  the  child's  age;  the  impact  of  general 
parental  goals  increases  tnarkedly  as  children  grow  older;  parental 
values  affect  both  areas  of  health-relevant  risk  in  this  manner. 

These  contrasts  between  effects  of  mothers'  specifically 
health-relevant  standards  and  their  more  general  social  values  suggest 
that  in  the  transmission  of  orientations  from  parent  to  child  two 
different  factors  may  be  at  work,  one  to  a  considerable  degree 
situation-specific,  the  other  much  more  dependent  on  the  child's 
cognitive  interpretations:   (a)  Parental  control  over  particular 
situations,  and  the  consequent  possibility  for  direct  parental 
reinforcement,  would  contribute  to  children's  acquisition  of  maternal 
normative  standards  pertaining  to  specific  health  risks.   But  one  would 
not  expect  these  standards  to  be  generalized  to  other  risks  unless  the 
child  detected  underlying  situational  similarities.   (b)  The  child's 
acceptance  of  parental  values  has  the  potential  for  much  more  general 
application  to  diverse  areas  of  action.   But  this  acceptance  may  require 
the  child's  playing  a  more  active  role  in  his  own  socialization  process, 
and  it  may  proceed  at  a  different  rate  from  the  acquisition  of 
situation-specific  norms,  a  rate  dependent  on  cognitively  mediated 
factors.   The  child,  respciiding  perhaps  to  subtler  clues  of  parental 
perspectives,  must  construct  generalized  rules  largely  consonant  with 
parental  values  and  applicable  to  a  wide  range  of  social  behavior 
including  those  that  may  involve  risk  taking;  this  process  of  induction 
shows  orderly  age-related  changes  that  parallel  cognitive  growth. 
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Annual  Report  for  1977 

Laboratory  of  Brain  Evolution  and  Behavior 

National  Institute  of  Mental  Health 

Paul  D.  MacLean,  M.D.,  Chief 

The  human  forebrain  owes  its  remarkable  triune  development  to  the 
progressive  evolution  of  three  basic  formations  that  can  be  characterized 
as  reptilian,  paleomammalian,  and  neomammalian.   In  reptiles  the  largest 
conducting  system  of  the  forebrain  converges  on  a  foundation  of  large  basal 
ganglia.   On  the  basis  of  anatomical  and  histochemical  findings  it  is  now 
recognized  that  corresponding  structures  provide  the  foundation  of  the 
forebrain  in  birds  and  mammals.   In  mammals  these  structures  are  collectively 
referred  to  as  the  striatal  complex.   One  hundred  and  fifty  years  of 
experimentation  have  revealed  disappointingly  little  information  about 
specific  functions  of  the  striatal  complex;  it  has  remained  one  of  the 
large  "silent  areas"  of  the  brain.   When  beginning  to  plan  for  this 
Laboratory  20  years  ago,  a  primary  purpose  was  to  use  new  behavioral  approaches 
in  investigating  the  functions  of  the  striatal  complex.   In  the  meantime, 
general  interest  in  this  phylogenetically  ancient  part  of  the  brain  has 
increased  because,  in  addition  to  acetylcholine  and  serotonin,  its  largest 
subdivisions  have  been  found  to  be  rich  in  dopamine  and  in  opiate  receptors. 

A  major  research  effort  of  the  Laboratory  has  been  to  test  the  hypothesis 
that  the  striatal  complex  plays  a  basic  role  in  the  organized,  expression  of 
naturally  occurring  behavior  required  for  the  survival  of  the  individual 
and  the  species.   During  the  past  year,  continued  comparative  studies  on 
lizards  and  squirrel  monkeys  have  provided  additional  evidence  in  support 
of  this  hypothesis  by  showing  that  destruction  of  certain  projections  of 
the  striatal  complex  results  in  an  elimination  or  fragmentation  of  species- 
typical  display  behavior.   Another  kind  of  evidence  in  support  of  the 
hypothesis  has  been  obtained  in  experiments  on  hamsters  in  which  thermal 
destruction  of  the  developing  neocortex  was  produced  on  the  day  after 
birth.   These  experiments  were  suggested  by  the  remarkable  findings  of 
Laqueur  et  al  that  rats  in  which  the  matrix  cells  forming  the  neocortex  and 
part  of  the  limbic  cortex  were  destroyed  by  a  carcinogen,  seemed  to  mature 
normally  and  were  capable  of  breeding.   The  present  experiments  on  hamsters 
not  only  confirmed  these  findings,  but  also  showed  through  ethological 
observations  that  there  was  a  retention  of  other  naturally  occurring 
behavior  typical  of  hamsters.   In  key  animals  there  was  absence  of  the 
neocortex  along  with  a  failure  of  development  of  the  neothalamus  and  the 
pyramidal  tracts.   It  now  remains  to  be  shown  how  much  species-typical 
behavior  will  remain  after  additional  destruction  of  parts  of  the  limbic 
system  (paleomammalian  brain).   Parenthetically,  Laqueur  et  al  demonstrated 
that  their  micr encephalic  rats  were  almost  indistinguishable  from  normal 
animals  in  their  performance  of  a  wide  variety  of  psychological  tests. 
Based  on  the  combined  observations  on  micrencephalic  rats  and  hamsters,  it 
would  appear  that  Lashley,  when  expounding  the  law  of  mass  action  with 
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respect  to  the  neocortex,  did  not  give  sufficient  attention  to  the  two 

older  evolutionarj'  formations  of  the  brain!   Perhaps  the  work  on  micrencephalic 

animals  has  a  message  for  those  dealing  with  retarded  children. 

During  the  past  year  another  lay-oriented  book  on  the  brain  has  singled 
out  the  work  of  our  Laboratory  on  the  two  older  evolutionary  formations  of 
the  brain.   With  the  growing  awareness  of  the  reptilian  roots  of  the 
mammalian  brain,  there  seems  to  be  at  the  same  time  some  confusion  about 
the  specific  ancestors.   Some  people  seem  to  be  under  the  false  impression 
that  we  can  trace  our  lineage  to  the  serpent,  while  others  would  say  we  are 
of  dinosaur  stock.   Since  a  similar  confusion  seems  to  be  common  among 
neuroscientists,  it  may  be  worth  while  to  insert  a  word  about  the  unfamiliar 
mammal-like  reptiles  that  are  presumed  to  be  the  antecedents  of  mammals. 
During  Permian  and  middle  Triassic  times  these  mammal-like  creatures  covered 
the  face  of  the  earth,  and  their  remains  are  found  on  every  continent. 
There  were  two  main  varieties:  carnivores  and  herbivores.   Some  of  the 
carnivores  are  believed  to  have  resembled  dogs  and  wolves.   In  late  Triassic 
times  the  m.ammal-like  reptiles  mysteriously  became  extinct.   What  were 
these  creatures  like?  Did  they  lay  eggs?   Did  they  care  for  their  young? 
Or,  like  the  offspring  of  the  giant  Komodo  lizard,  did  the  young  have  to 
escape  to  the  trees  in  order  to  avoid  being  cannibalized?   These  and  other 
important  questions  about  the  sense  of  hearing  (essential  for  maternal- 
offspring  cohesiveness  among  mammals) ,  the  disappearance  of  the  pineal 
opening,  and  so  forth,  might  be  partially  answered  if  more  support  could  be 
given  to  paleontological  research.   Robert  Broom  once  estimated  that  there 
are  the  remains  of  800  billion  mammal-like, reptiles  in  the  Karroo  beds  of 
South  Africa. 

Because  of  the  several  biochemical  distinctions  of  the  striatal  complex, 
neuropharmacological  investigations  have  the  potentiality  of  shedding  light 
on  its  functions.   During  the  past  year  pilot  experiments  were  conducted  in 
regard  to  the  question  of  whether  or  not  the  chronic  administration  of 
dopamine  and  of  opiate  blockers  would  affect  the  unfolding  of  species-typical 
behavior  in  developing  animals.   In  other  words,  would  such  treatment 
affect  the  way  in  which  they  "read  their  environment."   Dogs  were  chosen 
for  this  work  because  they  not  only  show  species- typical  behavior,  but  also 
breed-typical  behavior.   Pimozide  and  naltrexone  were  used,  respectively, 
for  blocking  dopamine  and  opiate  receptors.   Half  of  each  litter  of  beagles 
served  as  control  subjects.   The  findings  on  the  pimozide-treated  animals 
were  of  particular  interest  because  of  deficits  in  several  forms  of  species- 
typical  behavior,  e.g.,  responses  to  handlers,  allelomimetic  and  hunting 
behavior.   Naltrexone-treated  animals  showed  a  number  of  aberrations  in 
sexual  behavior.   A  subsequent  etho logical  study  of  the  copulatory  behavior 
of  naltrexone-treated  male  hamsters  also  revealed  changes  in  behavioral 
patterns.   The  results  of  the  foregoing  experiments  illustrate  that  systematic 
ethological  studies  may  uncover  abnormalities  that  would  not  show  up  in 
conventional  psychological  testing. 

Meynert,  the  famous  Viennese  physician,  emphasized  that  progress  in 
the  neurological  sciences  requires  joint  effort  in  physiology  and  anatomy. 
This  past  year  the  Laboratory  has  been  fortunate  in  having  the  full-time 
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collaboration  of  a  comparative  neuroanatomist .   It  has  been  shown  in  the    ' 

par  foTthf  ins':i;  1°""   '"'"\'^'  '"^^  ^^^  ""^^^^^  Projections^verlap 
parts  of  the  insula  known  to  be  involved  in  gustatory  function.   This 
discovery  is  relevant  to  our  recent  electrophysiological  demonstration  in 
squirrel  monkeys  of  units  in  the  limen  insula'  claustrum,  and  anterior 

seconfve!f  of'r.f  "'^°^  Behavioral  Systems  (URBS)  is  now  into  the 
second  year  of  a  six-year  investigation  intended  to  identify  genetic 
behavioral  and  environmental  factors  that  may  contribute  either  to  the 
disintegration  or  the  enhancement  of  animal  societies  undergoing  over- 
population.  In  one  study  on  rats,  the  major  purpose  is  to  Larn  whether  or 
not  computer-controlled  cooperation  activity  in  an  enriched  environment 
will  allow  a  higher  degree  of  tolerance  for  overcrowding  than  is  e^dent  in 

crowdL"  ^T-?--      "'^^  ^'"'^  '^"^  '°^"^"  -  prophylactic'  measures  for 
crowded  conditions.   A  second  study  on  mice,  on  the  contrary,  is  primarily 
analytical  m  that  the  major  concern  is  to  identify  factors  ;ccountJng  for 
the  failure  of  seemingly  healthy  young  animals  to  develop  procreSonfl 
behavior  when  living  under  overcrowded  conditions.        P^ocreational 

nco^  f"  ^T^  °^^^^   foregoing  studies,  special  recording  equipment  will  be 

Tt^  a:rm:^a^r:oL\s:tf::  invrn:—"^^"'^-  ^'  ^^^  ^^- 

become  of  the  utmost 'imporj^nclln  llnt^aLi^rP^^^.-??:^^^^^^^^ 
In^the  mammal-like  reptiles,  the  antecedents  of  mammals  (see  afover  K  is 
not  known  to  what  extent,  if  any,  vocalization  and  hearing  were  Inv^l^ed  in 
social  communication.   If  they  were  like  most  living  rep tills  they ^ly 
have  shown  no  care  of  the  young  and  may  even  have  cfnnibalized  them   There 

artieii:^  iTnlTliTy,'    '°"'"'''  ''^^  '"  ^'^  -nnnal-like  reptiles  tS^  small 
articular  bones  of  the  jaw  were  destined  to  become  part  of  the  inner  ear 
It  was  as  though  there  was  an  anticipation  of  the  eventual  ne  essUv  rf 
subtl"  r "'^^'"^  "°=^'  communication  among  mammals.   H^^  ^^U.   '' 
subtle  changes  came  about  through  the  survival  of  the  fittest  remains  for  ^ 
new  generation  of  Neo-Darwinists  to  explain.  ^^ccesc  remains  for  a 

.tu^.^-^^'^'l^^l   computer-assisted  mathematical  analysis  of  an  original  mouse 
study  m  which  the  overcrowded  population  lost  the  capacity  for  reproduction 
has  provided  a  model  with  provocative  implications  for  contemp^rlneouf 
human  societies.   The  mouse  popoulation  could  be  divided  into  two  cohorts 

criterion   Thf'^'-'f  °'  f^""^'^  ^°^^  °^  ^^^^^^^^^  -  ^h^  dividing 
criterion   The  course  of  population  changes  could  then  be  described  "07  a 

differential  equation  applicable  to  predator-prey  populations   In  the 

arthercoi'''°H  ''^°^''^  "^"'"^  ^°^"  represent'the  pred't'rs  in  ofar 
as  they  consumed  social  space  that  would  otherwise  belong  to  the  youne 
.nembers.   Perhaps  there  is  a  message  here  with  respect  to  our  b^rgLning 
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population  and  an  increasing  number  of  older  people  who  are  gobbling  up 
social  space  that  would  otherwise  be  available  to  their  progeny.   What  the 
equation  cannot  express  is  that  young  and  old  are  one  and  the  same! 
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Annual  Report  of  the  Laboratory  of  Cerebral  Metabolism 
National  Institute  of  Mental  Health 
Louis  Sokoloff,  Chief 
July  1,  1976  through  September  30,  1977 

The  two  Sections  of  the  Laboratory  of  Cerebral  Metabolism  did  not 
initiate  any  new  projects  this  year  but  consolidated  and  extended  their 
research  activities  in  ongoing  projects.   Both  Sections  have  benefitted  from 
the  opportunity  to  utilize  guest  workers,  visiting  fellows,  and  visiting 
scientists  who  in  many  cases  were  supported  by  outside  funds  and  served  to 
augment  their  staffs  and  allow  broader  lines  of  investigation. 

Section  on  Developmental  Neurochemistry 
Louis  Sokoloff,  Chief 

This  Section  has  continued  its  studies  on  the  development  and  application 
of  methods  for  studying  the  local  cerebral  circulation  and  metabolism  and  on 
the  energy  metabolism  of  the  developing  and  mature  brain  in  health  and 
disease. 

14 
The  [   C]deoxy glucose  method  for  the  measurement  of  local  cerebral  glucose 

utilization  which  was  first  developed  for  use  in  the  rat  has  now  been  developed 

further  for  application  to  monkeys  and  is  now  fully  operational  in  both  species. 

Experiments  are  now  in  progress  to  make  it  applicable  in  the  dog,  and  then  it 

will  be  used  to  study  the  postnatal  maturation  of  the  brain  in  the  beagle  dog 

which  is  very  suitable  for  such  studies  because  of  its  hardiness  and  commercial 

availability  from  uniform  genetic  strains. 

The  method  has  been  used  quantitatively  in  a  variety  of  studies  in  the  rat. 
Normal  values  for  glucose  consumption  have  been  determined  in  over  30 
structural  and  functional  units  of  the  conscious  rat  brain.   The  effects  of 
thiopental  anesthesia  have  been  studied  and  been  found  to  reduce  cerebral 
glucose  utilization  diffusely  throughout  the  brain,  particularly  in  gray 
matter.   These  studies  have  been  completed  and  published.   The  studies  on  the 
effects  of  Y-butyrolactone,  an  agent  that  produces  a  hypnotic,  trance-like  state, 
have  also  been  completed  and  published.   It  markedly  depresses  cerebral  glucose 
consumption  throughout  the  brain.   The  effects  of  this  drug  are  fully 
reversible,  and  it  might  possibly  be  useful  as  a  substitute  for  hypothermia  in 
surgery.   The  hydrolytic  product  of  this  compound,  Y~hydroxybutyric  acid,  is 
normally  present  in  brain.   Its  function,  source,  and  metabolism  are  un- 
known.  Studies  are  under  way  to  determine  the  pathways  of  its  synthesis  and 
degradation,  and  the  mechanisms  that  regulate  its  level  in  brain.   An  enzyme 
has  been  isolated  and  partially  purified  from  brain,  and  its  properties  and 
activities  suggest  that  it  may  be  involved  in  the  synthesis  of  y-hydroxybuty- 
rate  from  succinic  semialdehyde,  an  intermediate  in  the  pathway  of  GABA 
metabolism.   Studies  have  also  been  initiated  to  determine  whether  increased 
levels  of  Y~hydroxybutyrate  in  brain  may  not  be  responsible  for  the  phenomenon 
of  hibernation  in  spontaneously  hibernating  animals,  such  as  the  hamster. 
Preliminary  results  indicate  a  considerable  increase  in  the  activity  of  the 
Y-hydroxybutyrate :  succinic  semialdehyde  oxidoreductase  enzyme  in  the  brains  of 
the  hamster  during  hibernation. 
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0.  Sakurada  (Visiting  Associate  from  Japan)  has  completed  his  studies  in 
collaboration  with  W.  Klee  (Laboratory  of  General  and  Comparative  Biochemistry)     f^ 
on  the  effects  of  acute  morphine  administration,  morphine  addiction,  and  V^ 

morphine-withdrawl  on  local  cerebral  glucose  utilization  in  the  rat.   The 
results  have  demonstrated  that  a  number  of  cerebral  structures  are  affected, 
generally  by  the  reduction  of  glucose  consumption, in  morphine  addiction  and 
that  a  few  of  them,  most  notably  the  habenula,  show  a  reversal  of  this 
depression  on  naloxone-induced  withdrawal. 

M.  Shinohara  (Visiting  Fellow  from  Japan)  has  also  completed  her  studies  ^-^^ 
on  the  effects  of  LSD  which  also  reduces  cerebral  glucose  consumption  selec-  w 
tively  in  a  number  of  cerebral  structures. 

L.  Wechsler  (summer  student)  and  H.  Savaki  (Visiting  Fellow  from  Greece) 
have  carried  out  studies  of  the  effects  of  the  dopamine-agonist ,  amphetamine. 
It  was  found  that  this  drug,  which  in  toxic  doses  produces  a  schizophrenia- 
like state,  markedly  increases  glucose  consumption  in  the  substantia  nigra, 
caudate  nucleus,  and  subthalamic  nucleus,  all  components  of  the  extrapyramidal 
motor  system. 

14 
The  [   Cjdeoxyglucose  method  employs  an  autoradiographic  technique  for 

the  measurement  of  the  tissue  radioactivity.   Even  without  quantification  the 

autoradiographs,  which  are  really  pictorial  representations  of  the  relative 

rates  of  local  cerebral  glucose  utilization,  can  be  used  to  map  the  areas  of 

brain  that  are  metabolically  and  functionally  activated  or  depressed. 

C.  Kennedy  (Guest  Worker,  Georgetown  University)  has  used  the  technique  to  map 

the  functional  visual  pathways  in  the  adult  and  newborn  monkey.   He  has  been 

able  to  pinpoint  the  exact  locus,  size,  and  shape  of  the  visual  cortical  loci       fl 

of  the  blind-spots  of  the  visual  fields  and  has  been  able  to  visualize  the  full 

structural  pattern,  distribution,  and  extent  of  the  ocular  dominance  columns  of 

Hubel  and  Wiesel.   These  columns  have  been  found  to  be  present  at  birth  in  the 

newborn  monkey  and  to  exhibit  the  capacity  to  be  modified  in  early  life  by 

visual  experience;  patching  of  one  eye  for  3  months  causes  the  striate  cortex 

to  be  modified  to  represent  only  the  function  of  the  functional  eye. 

E.  Kaufman  and  T.  Nelson  (Guest  Worker,  Georgetown  University)  have 
continued  studies  on  the  physiological  implications  of  ketone  body  utilization 
by  brain.   The  possitjility  that  some  types  of  metabolic  coma,  such  as  diabetic 
coma,  might  be  caused  by  the  forced  excessive  utilization  of  ketone  bodies  by 
brain  because  of  the  severe  ketosis,  is  still  under  study.   Preliminary  results 
indicate  that  ketosis  may  lead  to  a  reduction  in  cyclic  GMP  in  the  brain. 
Since  this  compound  appears  to  be  the  second  messenger  for  the  action  of  the 
neurotransmitter,  acetylcholine,  in  the  nervous  system,  it  may  be  that  ketosis 
may  lead  to  coma  by  a  tendency  to  block  cholinergic  functions  in  the  brain. 

Section  on  Myelin  Chemistry  'C 

Marian  W.  Kies,  Chief 

Autoimmune  damage  by  some  constituent  of  CNS  tissue  is  the  most  logical 
explanation  for  the  cause  of  the  human  disease  multiple  sclerosis  (MS). 
Although  myelin  basic  protein  (BP)  has  not  been  directly  implicated  in  the 
development  of  MS,  it  is  the  only  CNS  antigen  known  to  induce  an  experimental 
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autoimmune  reaction.   As  such  it  is  the  only  tool  available  for  studying  the, 
possible  mechanisms  involved  in  the  induction  of  MS. 

The  efforts  of  the  Section  on  Myelin  Chemistry  have  been  devoted  to 
studying  many  aspects  of  the  chemical  and  immunologic  activity  of  this  protein: 
its  ability  to  induce  allergic  encephalomyelitis  (EAE)  in  various  species;  its 
tissue  localization;  its  ability  to  prevent  or  suppress  EAE;  the  effect  of 
conformation  on  its  activity;  and  the  contribution  of  impurities  to  its  observed 
immune  reactivity. 

Last  year  Dr.  Martenson  and  Dr.  Nomura  reported  the  essential  requirements 
for  induction  of  EAE  in  the  rat:   Peptide  (72-84)  of  guinea  pig  BP  is  the 
shortest  fragment  yet  found  to  be  active  in  this  species.   Dr.  Nomura  has 
continued  his  search  for  proteolytic  enzymes  capable  of  splitting  specific  bonds 
which  may  be  used  to  prepare  even  smaller  encephalitogenic  peptides. 

Dr.  Martenson  is  currently  examining  the  possible  secondary  structure  of  this 
peptide  with  molecular  models.   With  synthetic  peptides  provided  by  Dr.  Janis 
Young  of  the  University  of  California,  it  is  hoped  to  be  able  to  define  the 
specific  conformation  which  is  essential  for  the  encephalitogenic  activity  of 
this  region. 

Another  major  interest  of  the  Section  has  been  the  mechanism  of  prevention  or 
suppression  of  EAE  in  guinea  pigs.   Earlier  studies  published  by  this  laboratory 
have  shown  that  BP  in  a  nonencephalitogenic  form  (emulsified  without  myco- 
bacteria) is  capable  of  interfering  with  EAE  induction  by  BP  in  an  encephalito- 
genic form. (emulsified  with  mycobacteria).   In  a  study  of  the  protective  ability 
of  various  fragments  of  BP,  Dr.  Driscoll  concluded  that  protection  was  afforded 
only  by  fragments  which  contained  the  intact  encephalitogenic  site,  residues 
113-121.  During  the  past  year  we  were  able  to  compare  two  very  similar 
fragments:   (111-169)  and  (116-169);  the  former  was  encephalitogenic  because  it 
contained  all  of  the  active  site  (residues  113-121)  and  the  latter  was  non- 
encephalitogenic because  three  essential  residues  were  missing  (113-115).  As 
expected,  111-169  afforded  complete  protection  and  116-169  was  completely 
nonprotective.   These  peptides  and  others  being  used  for  critical  studies  of 
antibody  specificity  have  been  prepared  by  Drs.  Martenson  and  Nomura.   Their 
characterization  requires  a  great  deal  of  careful  analytical  work  on  the  part 
of  Mrs.  Deibler. 

The  members  of  the  section  are  convinced  now  that  the  two  activities 
(induction  and  protection)  are  interrelated  although  they  have  not  yet  been 
able  to  explain  the  underlying  mechanisms.   In  other  experimental  situations 
with  other  antigens,  "effector"  and  "suppressor"  cells  have  been  proposed  as 
mediators  of  the  two  opposing  activities.   In  their  in  vivo  experiments  they 
have  not  been  able  to  demonstrate  the  existence  of  "suppressor"  cells  but 
plan  to  extend  the  study  of  the  mechanisms  of  induction  and  suppression  with 
in  vitro  experiments.  • 

In  collaboration  with  Drs.  Henry  Webster  and  Nancy  Sternberger  of  NINCDS 
studies  have  been  carried  out  on  the  localization  of  BP  in  CNS  tissue  of 
neonatal  rats.   Progress  has  been  made  in  developing  new  fixatives  which  permit 
better  immunocytochemical  visualization  of  the  antigen  in  tissue  sections  and 


in  isolated  myelin  fractions.   Antisera  used  for  these  studies  were  prepared 
by  Mr.  Stream  and  their  immunologic  characterization  carried  out  by  Mrs.  Bacon. 

Techniques  for  detection  and  identification  of  impurities  in  BP  preparations 
are  especially  critical  to  studies  of  immunologic  reactivity.   Mrs.  Deibler  has 
just  completed  isolation  and  identification  of  a  particularly  troublesome 
impurity  in  bovine  brain  BP  which  we  had  recognized  only  as  a  band  on  acrylami.de 
gels  and  which  accompanied  BP  through  many  purification  steps.   By  careful 
fractionation,  she  was  able  to  obtain  BP  essentially  free  of  the  contaminant 
and  enough  of  the  contaminant  essentially  free  of  BP  to  permit  its  identifica- 
tion as  the  a   chain  of  bovine  hemoglobin.   There  is  indirect  proof  that  its 
presence  may  account  for  some  of  the  immunologic  activity  reported  for  bovine 
BP  by  other  investigators. 
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Annual  Report  of  the 
Laboratory  of  General  and  Comparative  Biochemistry 
National  Institute  of  Mental  Health 
Giulio  L.  Cantoni,  Chief 

Fiscal  year  1977  has  been  a  very  good  year  for  the  Laboratory  of 
General  and  Comparative  Biochemistry.   Considerable  progress  has 
been  made  in  a  number  of  projects;  however,  budgetary  restriction 
and  especially  personnel  ceilings  in  all  categories  continue  to 
limit  severely  the  productivity  of  the  four  senior,  permanent 
members  of  the  staff.   These  investigators  are  all  fully  developed, 
independent  scientists,  at  the  peak  of  their  productive  scientific 
career.   All  could  utilize  much  larger  manpower  resources  to 
explore  and  pursue  interesting  and  promising  new  ideas  and/or  to 
follow  up  on  discoveries  and  developments  generated  by  their  own 
research.   Conceivably,  many  of  these  ideas  might  lead  to  signifi- 
cant advances  in  the  prevention,  diagnosis  or  treatment  of  disease. 
Instead  of  being  able  to  do  this,  we  are  all  obliged  to  restrict 
our  field  of  operation  and  try  to  select  a  very  limited  number 
of  research  projects  that  seem  likely  to  yield  results.   This 
kind  of  selection  process  is  the  most  hazardous  and  difficult 
task  facing  a  scientist  and  even  the  very  best  investigator  is 
often  unable,  a  priori,  to  decide  which  one  of  two  or  more  equally 
promising  ideas  or  discoveries  is  likely  to  lead  to  a  significant 
advance.   The  limitations  and  lack  of  flexibility  in  the  size  of 
research  group  available  to  our  senior  investigators  thus  imposes 
an  unnecessary  element  of  risk  in  the  optimum  utilization  of  our 
research  capabilities. 

To  overcome,  at  least  partially,  these  limitations  we  have  been 
utilizing,  whenever  possible,  the  collaboration  of  colleagues 
both  at  NIH  and  elsewhere;  but  even  this  type  of  collaboration 
with  colleagues  not  at  NIH  is  hampered  by  budgetary  travel 
restrictions.   The  same  restrictions  also  affect  the  flow  and 
exchange  of  scientific  information  to  our  scientists  since 
attendance  at  scientific  meetings  is  limited.   It  should  be 
pointed  out  that  the  restrictiore  with  respect  to  all  kinds  of 
travel  affect  considerably  more  the  scientists  working  in  the 
intramural  program  of  NIMH  or  NIH  than  our  colleagues  in  universi- 
ties as  the  roster  of  attendance  to  any  meeting  will  clearly 
demonstrate.   On  the  bright  side  of  the  budget  picture,  it  may  be 
pointed  out  the  size  of  our  budget  for  other  objects  has  been 
adequate  to  satisfy  our  needs  for  equipment  and  supplies. 

Drs.  Cantoni,  Uhlendorf ,  Scarpa  and  Chen  continue  to  study  muscle 
differentiation  ^  vitro.   The  basic  biochemistry  of  the 
differentiation  process  is  very  fundamental  in  the  normal 
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development  of  the  various  cell  types  of  the  brain  and  also  of 
many  other  tissues.   They  have  chosen  as  a  model  the  growth 
and  differentiation  of  embryonic  skeletal  muscle  cells  in 
culture.   In  the  course  of  experiments  designed  to  investigate 
the  role  of  the  cell  membranes  in  the  complex  series  of  events 
that  underly  the  differentiation  of  mononucleated  myoblasts  into 
multinucleated  myofibers.  they  discovered  that  Concanavalin  A  and 
a  variety  of  other  plant  lectins  have  an  important  effect  on  the 
differentiation  of  myoblasts  in  tissue  culture. 

It  will  be  remembered  that  differentiation  of  myoblasts  is 
associated  with  a  variety  of  physiological,  histological  and 
biochemical  changes  that  are  thought  to  represent  the  differential 
reading  of  the  cellular  genome.   The  biochemical  changes  that 
have  been  investigated  rather  extensively  consist  of  a)  inhibition 
of  DNA  synthesis  that  is  correlated  with  the  arrest  of  cellular 
division;  and  b)  the  synthesis  of  muscle  specific  proteins  such 
as  creatine  kinase,  myosin,  actin  and  other  proteins  important 
in  muscle  function.   Heretofore,  these  different  events  had  not 
been  dissociated  in  time  and  thus  it  had  not  been  possible  to 
order  the  changes  seen  in  differentiating  myoblast  into  early 
and  late  events . 

Concanavalin  A  and  other  lectins  were  found  to  inhibit  the 
physiological  and  histological  changes,  such  as  muscle  fusion 
a.nd  appearance  of  cross  striation,  aiad  also  to  inhibit  the 
synthesis  of  creatine  kinase  and  other  muscle  specific  proteins. 
On  the  other  hand,  these  lectins  do  not  affect  the  cessation  of 
growth  and  the  inhibition  of  DNA  synthesis  that,  as  noted  above, 
is  another  parameter  of  differentiation  of  myoblasts  ill  vitro. 
Moreover,  it  was  discovered  that  the  effect  of  Concanavalin  A 
is  strictly  dependent  on  the  time  of  its  administration.   It 
should  be  pointed  out  that  the  differentiation  of  myoblast  in 
culture  is  a  slow  process  that  is  observed  after  seven  days  of 
culture  in  a  "fxision  permissive  medium,"  the  nature  of  which  has 
been  determined  in  this  laboratory  by  earlier  studies.   The  end 
point  of  the  experiment,  i.e.,  the  appearance  of  multinucleated 
fibers  is  scored  at  day  seven.   Administration  of  Concanavalin  A 
during  the  first  four  days'  of  the  experiment  results  in  the 
inhibition  of  differentiation  discussed  above,  whereas  its 
administration  later  in  the  experiment  (days  5  to  7)  is  without 
effect.   The  conclusion  from  this  important  discovery  is  that 
it  is  now  possible  to  divide  the  course  of  differentiation  into 
two  phases.   During  the  first  four  days  the  cells  respond  to  the 
exogenous  stimulus  that  triggers  differentiation  (the  change  from 
growth  medium  to  fusion  permissive  medium)  by  a  number  of  changes, 
the  molecular  nature  of  which  is  unknown,  but  that  somehow  result 
in  inhibition  of  growth,  arrest  of  DNA  synthesis  and  development 
of  resistance  to  the  inhibitory  effects  of  plant  lectins.   During 
the  second  phase  of  the  experiment,  the  changes  that  have  taken 
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place  in  the  period  of  commitment,  as  the  first  phase  may  be 
tentatively  labelled,  are  expressed  and  synthesis  of  muscle 
specific  proteins  as  well  as  physiological  and  histological 
changes,  such  as  development  of  cellular  receptor  for  acetyl- 
choline cross  striation  and  formation  of  multinucleated  myof ibers 
can  be  measured.   The  nature  of  biochemical  changes  taking  place 
during  the  "commitment  phase"  and  the  molecular  mechanisms  whereby 
an  exogenous  signal  brings  about  changes  in  the  expression  of 
cellular  genome  are  central  and  most  interesting  questions  and 
our  results  will  permit  further  exploration  of  this  problem. 

Drs.  Cantoni  and  Chiang,  with  the  collaboration  of  Henry  Richards, 
have  continued  to  study  the  metabolism  of  S-adenosylmethionine 
(AdoMet)  and  S-adenosylhomocysteine  (AdoHcy)  with  the  aid  of 
chemically  synthesized  analogues  of  AdoHcy.   It  may  be  remembered 
that  AdoMet  functions  as  the  methyl  donor  in  hundreds  of  reactions 
of  great  physiological  significance.   These  involve,  in  all  phyla, 
methylation  of  macroraolecules ,  such  as  DNA,  RNA ,  proteins  and 
polysaccharides  and,  in  a  variety  of  different  phyla,  methylation 
of  a  great  many  different  compounds  leading  to  the  synthesis  of 
metabolites  that  are  important  in  the  physiology  of  many  different 
types  of  cells  and  organisms,  such  as  creatine,  carnitine,  epin- 
ephrine and  many  other  methylated  catecholamines  and  indolamines, 
phospholipids  and  related  compounds,  such  as  acetylcholine, 
methylhistamine,  alkaloids  and  antibiotics.   AdoHcy  is  the  product 
of  each  methyltransf er  reaction  in  which  AdoMet  is  the  methyl 
donor  and  is  a  competitive  inhibitor  of  practically  all  the 
enzymes  that  utilize  AdoMet  as  a  methyl  donor, 

A  question  that  has  remained  unanswered  for  25  years,  ever  since 
Cantoni  discovered  AdoMet,  is  the  nature  of  the  regulatory 
mechanism  that  govern  the  utilization  of  AdoMet  in  the  cell.   In 
order  to  begin  to  approach  this  question,  it  was  decided  several 
years  ago  to  synthesize  a  large  number  of  analogues  to  AdoMet 
and  AdoHcy  in  the  hope  of  finding  compounds  capable  of  inhibiting 
one  or  more  of  the  several  reactions  involving  AdoMet  and  AdoHcy. 
In  the  course  of  the  last  year,  it  has  been  found  that  3-deaza- 
adenosine  (as  well  as  a  niimber  of  other  synthetic  analogues)  are 
powerful  inhibitors  of  AdoHcy  hydrolase  in  vitro.   In  the 
extension  of  these  studies  to  whole  cells,  it  was  found  that 
in  vivo  administration  of  3-deazaadenosine  to  a  variety  of 
cellular  preparations  resulted  in  accumulation  of  AdoHcy,  3-deaza- 
adenosine   Hey  and  in  some  cases  of  AdoMet. 

This  discovery  is  very  significant  and  of  great  interest  because 
it  will  permit  the  study  of  the  physiological  consequences  of 
interference  with  the  metabolism  of  AdoMet.   Along  these  lines, 
it  has  already  been  found,  in  collaboration  with  John  Bader ,  that 
the  replication  and  growth  of  Rous  sarcoma  virus  in  chick  embryo 
fibroblasts  is  prevented  by  administration  of  3-deazaadenosine; 
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moreover,  the  malignant  transformation  induced  by  the  oncogenic 

virus  is  reversed  by  treatment  with  3-deazaadenosine.   Further 

work  on  the  mechanism  of  this  significant  effect  is  in  progress.     (A 

The  Section  on  Alkaloid  Biosynthesis  has  continued  to  study  the 
metabolism  of  sulfur  amino  acids  in  plants  and  in  man.   Studies 
of  the  v/ork  on  sulfur  amino  acid  metabolism  in  plants  has  been 
concentrated  chiefly  upon  Lemna  perpusilla.  a  higher  plant  which 
by  virtue  of  its  aquatic  habit,  its  ability  to  grow  rapidly, 
axenically,  and  vegetatively ,  and  its  capacity  to  take  up  amino 
acids  from  the  medium  is  ideal  for  such  studies.   The  work  ('/■] 

initiated  during  Dr.  Macnicol's  visit  has  been  completed.   The      ^ 
results  demonstrate  unequivocally  that  in  Lemna ,  as  in  Chlorella, 
the  major  pathway  for  homocysteine  biosynthesis  is  transsulfuration 
in  which  the  intermediate,  cystathionine,  plays  a  key  role.   In 
contrast  with  the  situation  in  Chlorella,  however,  our  present 
results  indicate  that  5-10%  of  homocysteine  biosynthesis  in  Lemna 
does  occur  by  direct  sulfhydi-ation. 

By  use  of  a  special  apparatus  designed  and  built  in  the  laboratory. 
Dr.  Mudd  and  his  collaborators  have  been  able  to  grow  Lemna  con- 
tinuously at  extremely  low,  but  constant  concentrations  of  sulfate 
in  the  growth  medium.   A  decrease  of  3000-fold  in  the  usual  sulfate 
concentration  did  not  lead  to  a  significant  change  in  growth  rate. 
Under  these  conditions  cellular  sulfate  decreased  almost  40-fold, 
but,  remarkably,  the  total  net  conversion  of  inorganic  forms  of 
sulfui"  to  organic  sulfur  was  essentially  unperturbed.   This  obser- 
vation suggests  a  high  degree  of  regulation  at  some  step  between 
sulfate  uptake  and  cysteine  formation.   An  understanding  fo  this     v 
regulation  might  be  very  important  in  increasing  overall  production 
by  plants  of  their  chief  organic  sulfur  constituents,  methionine 
and  cyst(e)ine. 

These  results  have  been  made  possible,  in  part,  because  Dr.  Mudd 
and  his  collaborators  have  continuously  improved  the  analytical 
methods  for  dealing  with  sulfur  compounds.   During  the  last  year 
they  have  found  that  S-methylmethionine  accounts  for  a  major 
hitherto  unidentified,  soluble  sulfur-containing  compound  of 
Lemna.   Methods  for  quantitating  S-adenosylmethionine  at  the  very 
low  concentrations  at  which  it  is  present  in  Lemna  have  also  been 
developed.   It  is  now  possible  to  specify  the  chemical  forms  in 
which  at  least  90%  of  the  total  sulfur  of  Lemna  occurs.   This 
rather  complete  accounting  is  expected  to  strengthen  the  rigor 
with  which  a  number  of  projected  experiments  can  be  interpreted. 

Dr.  Mudd  and  his  collaborators  have  also  carried  out  preliminary    \  {} 
experiments  bearing  upon  the  regulation  of  methionine  biosynthesis, 
(a)   In  other  laboratories,  it  has  been  observed  with  several 
plants  that  lysine  and  threonine,  in  combination,  exert  a  growth 
inhibiting  effect  which  is  not  produced  by  either  amino  acid  alone. 
The  growth  inhibition  may  be  relieved  by  methionine.   Each  of  these 
three  compounds  is  an  end  product  formed  from  aspartate.   It  is 
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suggested  that  the  lysine  £lus  threonine  combination  leads  to  a 
depression  of  homoserine  formation  with  resultant  methionine 
starvation.   This  effect  has  been  demonstrated  very  convincingly 
^^th  ^emga^pusilla.   (b)   Experiments  detailing^he  Ilux  of  "^ 
sulfur  in  plants  grown  m  the  presence  of  methionine  have  been 
thnt  ??•■!  ^^^^"J/^!  ^°*  yet  available,  but  it  appears  alrlaSy 
that  It  IS  possible  to  increase  very  significantly  the  total 
methionine  content  of  plants  without  severely  inhibiting  growth 
and  to  bring  about  dramatic  rises  in  the  concentratio^  of  S- 
o%'h^:?^Sio?ogicarS;s?:ms^f'^^^^^  ^^  ^^"^  regulatory  phenomenon  in 

All  these  results  have  indicated  the  value  of  Lemna  as  an  exneri- 
mental  system  in  which  a  great  variety  of  questfSEl  cSncerninr 
JnS;  ^?.'^  biosynthesis  and  its  regulltion^an  be  askeS?  Accord- 
ingly this  year      a  major  effort  has  been  made  to  define 

ZllTl  tlitllyTf   nhv  ""T"  r  .'"'^  P'^^*'  and  the^li^itrwithin 
wnicn  a  variety  of  physical  and  chemical  factors  must  be  controlled 

14r Ti  ..^"  ''^''^^^*  ^^^"Se«  i"  growth.   To  facilitate  even?uaf 

L    labelling  experiments,  Dr.  Mudd  and  his  collaborators  have 
also  defined  conditions  under  which  COg,  the  ordinary  carbon 
source  for  growth,  may  be  replaced  with  sucrose.   ?hL  work  should 
permit  standardization  of  conditions  for  a  great  variety  of 
experiments  in  the  years  to  come.  variexy  ot 

t.^m!^i^^?"^°''^^  "  ^^^  ^^^^   y^ar  been  possible  to  devote  less 
suTlur  nnn?  ^""^'^^^  °"  ^"'"^^  ^"^°^"  ^^^°^^  °f  metabolims  involving 
evaluate  ?h^^^^''^-H'"t''?  ^?i^^ '  ^  ^^^^^^^  ^^s  been  initiated  ?o^ 
evaluate  the  possibility  that  heterozygotes  for  homocystinuria  du*. 
to  cystathionine  synthase  deficiency  mSy  be  at  signJf i?anrrisk 
for  early  coronary  artery  disease.   From  availablf  5ata   it 

po^tioS  'of'th^^'"'''".''^"'  ?:^'"  ^"^^°^  ^°-^^  accoun?  for  a  major 
popuia?ion  *^5,:;^e^Plained"  coronary  artery  disease  in  the  U  S^ 
population.   Whether  or  not  this  working  hypothesis  is  verified 
faPi?it?r''^S^  "^^^^  *^^  methodology  use?  in  this  stuJy  will     ' 
raised  wi?h  5^  evaluation  of  analogous  hypotheses  which  may  be 
metabolism    "''""'  '"  "  """'""  °'  °^^^^  ^^^^^^  — rs  of 

g^n  c^Ss  h™beL-i-J2I  ^^--T-^^-^k^^^ 

a  selection  system  thorough  biochemical  and  geSet?S' analysis 

sys?:L^Lr-m:SiKf  cei?s  ^.^^  "STtJ^^PT'- 
ribosyltransferase  enzymes  exist?   MicrS  assays  fS?  Jh^''  °" 
have  been  developed  and  bacterial  vSSses  and  nllS^SH     J^^yi^^^ 
the  enzyme  genes  have  been  isolated  and  are  being  tested  ^h?^^ 
system  may  thus  be  more  useful  than  that^Lj^^d'f  J^f^f iactosLic 
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human  cells  for  the  study  of  the  factors  that  regulates  the 
expression  of  foreign  genes  derived  from  bacterial  virus  in 
eukaryotic  cells. 

Dr.  Klee  and  his  colleagues  have,  over  the  past  year,  continued 
their  studies  on  the  relationships  between  opiate  receptors, 
the  endogenous  opioid  peptides  and  adenylate  cyclase  both  in 
brain  and  in  the  neuroblastoma  x  glioma  hybrid  cell  system.   The 
hybrid  cells,  which  are  richly  endowed  with  opiate  receptors,  are 
once  again  proving  to  be  a  valuable  tool  for  biochemical  work 
since  they  are  relatively  deficient  in  enzymes  which  degrade  opioid 
peptides.   It  has  therefore  been  possible  to  study  the  effects  of 
these  peptides,  subsequent  to  receptor  binding,  without  serious 
complications  due  to  their  destruction  by  the  adventitious 
peptidases  which  are  found  in  great  abundance  in  brain.   Dr.  Klee 
has  found  that,  contrary  to  results  obtained  with  brain  in  vivo 
and  in  vitro,  the  pentapeptide  methionine  enkephalin  is  a  more 
potent  opioid  (as  measured  by  the  receptor  mediated  inhibition  of 
adenylate  cyclase)  than  are  any  of  the  larger  peptide  fragments 
of  S-lipotropin  (6-LPH)  including  some,  such  as  6-endorphin 
(6-LPH  61-91) ,  which  in  in  vivo  seem  much  more  potent  than  is 
enkephalin.   Since  enkephalin  is  very  rapidly  inactivated  in  brain, 
these  experiments  raise  the  possibility  that  enkephalin  may,  in 
fact,  be  the  physiologically  most  important  opioid  peptide  and 
that  the  larger  peptides  may  represent  a  more  stable,  depot,  form 
from  which  enkephalin  is  released  upoo  demand. 

In  collaboration  with  Lampert  and  Nirenberg,  Dr.  Klee  has  found      'Ij], 
that  the  opioid  peptides  share  with  morphine  and  its  congeners 
the  property  of  inducing  tolerance  and  dependence  in  neuroblastoma 
X  glioma  hybrid  cells.   This  result  is  consistent  with  biochemical 
model  for  tolerance  and  dependence  proposed  by  Klee  and  Nirenberg 
and  is  in  accord  with  animal  studies  from  other  laboratories. 
In  studies  carried  out  in  collaboration  with  Jacquet  and  Rice, 
it  was  found  that  some  effects  of  morphine,  in  vivo  are  not 
mediated  by  the  usual  opiate  receptors.   The  hyperresponsivity  to 
audio-visual  stimuli  seen  after  microinjection  of  morphine  into 
the  periaqueductal  gray  or  the  midbrain  reticular  formation  was 
found  to  be  elicited  by  the  (+)  (unnatural)  as  well  as  the  (-) 
(natural)  enantiomers  of  morphine.   Analgesia,  on  the  other  hand, 
is  observed  only  upon  daministration  of  (-)  morphine.   These 
results  suggest  that  the  hyperexcitability  seen  in  the  morphine 
abstinence  syndrome  may,  in  part,  be  the  result  of  residual 
stimulation  of  this  new  and  presumably  different  class  of  receptor. 
Since  the  opioid  peptides  were  found  not  to  cause  such  excitability,  (  ||| 
it  is  conceivable  that  withdrawal  following  dependence  upon  opioid 
peptides  may  be  much* milder  than  is  the  morphine  abstinence  syn- 
drome, and  on  this  basis  it  may  be  anticipated  that  opioid  peptides 
may  find  some  clinical  application. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  NEUROBIOLOGY 
National  Institute  of  Mental  Health 
July  1,  1976  to  September  30,  1977 

Ichiji  Tasaki,  M.D.,  Ph.D.,  Chief 

The  macromolecular  structure  of  the  nerve  membrane  involved  in  the 
process  of  excitation  has  been  studied  by  Dr.  Ichiji  Tasaki  and  his 
collaborators.  Dr.  Tohru  Yoshioka,  Dr.  Harish  C.  Pant  and  Dr.  Jesse  Baumgold. 

Protein  modifying  reagents  and  proteolytic  enzymes  were  applied  to 
both  crab  nerves  and  squid  giant  axons.   The  experimental  results  obtained 
by  using  these  methods  during  the  past  year  have  given  us  some  information 
on  which  functional  groups  are  important  in  nerve  excitation.   A  large 
number  of  protein  modifying  reagents  were  applied  either  extracellularly  to 
crab  nerves  or  intracellular ly  in  squid  giant  axons.   Reagents  which  modify 
sulfhydryl  groups,  imidazole  groups,  and  methionine  groups  in  proteins  were 
found  to  block  nerve  conduction  under  certain  conditions.   No  nerve  conduction 
block  could  be  found  which  could  be  attributed  to  the  specific  modification 
of  amino  groups.   This  information  is  important  in  developing  a  site-specific 
probe  which  could  be  used  in  further  analyzing  the  proteins  involved  in 
nerve  conduction. 

Although  the  electrophysiological  effects  of  applying  proteolytic 
enzymes  to  the  inside  of  squid  giant  axons  have  been  studied  for  years,  most 
of  these  previous  studies  have  taken  into  account  the  effect  of  the  salts  in 
the  solution  in  which  the  enzymes  were  dissolved.  In  the  current  experiments 
it  has  been  found  that  the  time  necessary  for  nerve  conduction  block  due  to 
intracellular  application  of  these  enzymes  is  dependent  on  the  salt  solution 
in  which  it  is  dissolved:  when  dissolved  in  a  potassium  fluoride  containing 
solution,  the  time  necessary  to  block  conduction  was  generally  longer  than 
when  the  enzyme  was  dissolved  in  a  solution  containing  a  more  chaotropic 
salt  such  as  potassium  aspartate. 

In  an  effort  at  understanding  the  role  of  axonal  proteins  in 
maintaining  the  excitability  of  squid  giant  axons,  several  methods  have  been 
developed  which  have  provided  information  on  these  proteins.   These  methods 
all  depend  on  radioactively  labelling,  either  in  situ  or  in  vitro,  the 
axonal  proteins  using  a  variety  of  commercially  available  reagents.  Two 
radioactive  reagents,     I-Bolton-Hunter  reagent  and  H-dinitrof luorobenzene 
were  used  to  label  squid  giant  axons  in  situ  by  introducing  these  reagents 
into  an  axon.   It  was  found  that  electrical  stimulation  of  the  axou  during 
the  radioactive  labelling  increased  the  labelling  efficiency  of  the  reagents, 
resulting  in  a  higher  specific  activity  of  the  labelled  axonal  proteins  in 
stimulated  compared  to  non-stimulated  axons.   This  increase  in  labelling 
efficiency  was  attributed  to  the  increased  exposure  of  protein  sites  during 
excitability. 
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The  work  of  Dr.  Robert  H.  Wurtz  and  his  collaborators.  Dr.  Barry  J. 
Richmond,  Dr.  Stuart  J.  Judge  and  Dr.  Joanne  E.  Albano,  has  concentrated 
on  the  organization  of  visual  processing  and  eye  movements  in  order  to 
understand  how  the  brain  translates  sensory  input  into  eye  movement 
output.   This  year  they  have  concentrated  on  one  aspect  of  this  general 
problem  which  has  long  fascinated  those  interested  in  the  brain:  how  the 
brain  deals  with  sensory  stimulation  resulting  from  movements  initiated 
by  the  brain  itself.   Each  saccadic  movement  of  the  eyes  smears  across 
our  retina  the  image  of  the  scene  before  us,  a  fact  of  which  we  are  normally 
unaware.   In  last  year's  annual  report  work  was  summarized  which  indicated 
that  visual  stimuli  normally  present  before  and  after  each  saccade  obliterate 
or  "mask"  the  visual  smear  which  is  always  present  during  an  eye  movement. 
This  year  the  physiological  basis  of  this  masking  effect  was  investigated 
by  recording  from  the  primary  (striate)  visual  cortex  of  the  monkey,  because 
activity  in  the  corresponding  area  in  man  is  known  (from  studies  of  patients) 
to  be  closely  related  to  visual  sensory  experience. 

In  these  physiological  experiments  awake  monkeys  were  used  which  were 
trained  to  fixate  their  gaze  on  a  point  of  light  on  a  screen  in 
front  of  them.   Of  the  single  neurons  whose  electrical  activity  was 
recorded  in  the  visual  cortex,  approximately  one  third  responded  as  the 
monkey  made  a  rapid  eye  movement  across  a  visual  stimulus.   However,  if 
a  stimulus  was  on  the  receptive  field  of  the  cells  before  and  after  the 
eye  movement,  the  result  was  quite  different:  then  the  cells  did  not 
give  a  detectable  response  to  the  stimulus  present  during  the  eye  move- 
ment.  Thus  the  response  of  the  cells  was  lost  just  as  visual  perception 
to  the  smear  on  the  retina  was  lost  when  a  clear  image  preceded  and/or 
followed  the  saccadic  eye  movement  in  normal  vision.   These  experiments   ' 
and  those  reported  last  year  answer  the  question  of  why  at  both  the 
behavioral  and  physiological  level  we  do  not  see  during  eye  movements. 

The  visual  pathway  from  the  eye  to  the  brain  in  both  man  and  monkey 
has  a  second  branch  which  extends  directly  from  the  eye  to  the  superior 
colliculus  lying  on  the  roof  of  the  midbrain.   Cells  in  the  superior 
colliculus  are  actively  suppressed  during  eye  movements  and  the  question 
answered  this  year  was  whether  the  suppression  of  activity  is  due  to  the 
sensory  information  flowing  into  the  brain  during  an  eye  movement  from 
the  eye  muscles,  or  whether  the  suppression  is  due  to  a  message  from 
within  the  nervous  system  which  is  a  corollary  of  the  impulses  sent  to 
the  muscles  causing  the  eyes  to  move. 

In  these  experiments  the  proprioceptive  input  was  removed  by 
paralyzing  the  eyes.   The  occurrence  of  attempted  eye  movements  was 
indicated  by  the  discharge  of  cells  recorded  from  an  electrode 
previously  implanted  in  the  motor  nucleus  connected  to  the  eye  muscles. 
The  discharge  of  cells  which  showed  the  suppression  of  background 
activity  with  normal  eye  movements  continued  to  show  the  suppression 
during  the  complete  paralysis.  For  several  cells,  the  suppression  was 
observed  before,  during,  and  after  the  period  of  paralysis.   Since  the 
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suppression  is  present  when  no  eye  movement  occurs,  no  signal  related  to 
the  eye  movement  (including  proprioception  can  be  causing  the  suppression: 
instead  the  suppression  must  have  its  origin  in  that  part  of  the  nervous 
system  related  to  the  intention  to  move  the  eyes.   This  is  the  first 
time  such  a  powerful  corollary  discharge  has  been  shown  to  modify  visual 
processing  of  cells  in  the  visual  system  of  mammals. 

These  experiments  show  that  the  brain  deals  with  sensory  stimulation 
during  eye  movements  in  two  different  ways.   In  the  primary  visual 
cortex,  which  is  closely  related  to  visual  perception,  cells  are 
modified  by  interaction  of  the  successive  visual  stimuli.  In  the  other 
branch  of  the  visual  system,  the  superior  colliculus,  activity  from 
oculomotor  areas  of  the  brain  reduce  the  sensitivity  of  the  colliculus 
cells  to  visual  stimulation.  But  but  rather  than  performing  a  perceptual 
function,  this  corollary  discharge  may  eliminate  spurious  self-generated 
visual  signals  from  reaching  the  oculomotor  system. 
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Annual  Report  of  the  Laboratory  of  Neurochemistry 

National  Institute  of  Mental  Health 

July  1,  1976  -  September  30,  1977 

Seymour  Kaufman,  Chief 

Our  detailed  analysis  of  the  mammalian  phenyalanine  hydroxylase 
system, as  well  as  that  of  closely  related  tyrosine  and  tryptophan  hydroxylating 
systems,  showed  that  these  systems  are  composed  of  at  least  three  essential 
components,  the  hydroxylase,  dihydropteridine  reductase  (DHPR)  and  the 
pterin  cof actor. 

Based  on  this  analysis,  we  were  able  to  predict  that  in  addition 
to  classical  phenylketonuria  (PKU),  which  is  caused  by  a  lack  of  phenyl- 
alanine hydroxylase,  two  other  variants  might  occur  that  would  be  caused 
by  the  deficiency  of  either  DHPR  or  the  pterin  cofactor. 

In  the  last  two  years,  the  initial  discovery  and  characterization 
of  the  first  of  these  variants,  hyperphenylalaninemia  (HPA)  due  to  a 
lack  of  DHPR,  was  described.  During  this  last  year,  the  first  case  of 
hyperphenylalaninemia  due  to  a  deficiency  of  the  pterin  cofactor  was 
discovered.  This  variant  is  also  characterized  by  mental  retardation 
and  delayed  motor  development.  The  pathology  became  manifest  despite 
early  control  of  hyperphenylalaninemia  by  dietary  restriction  of  phenyl- 
alanine intake.  In  this  child,  biochemical  analysis  on  a  biopsy  liver 
sample  showed  that  the  levels  of  phenylalanine  hydroxylase  and  DHPR  were 
normal  or  high  normal  but  the  level  of  pterin  cofactor  was  only  5  to 
10%  of  normal . 

Since  the  pterin  cofactor  is  an  essential  component  of  brain  tyrosine 
and  tryptophan  hydroxylases,  we  have  suggested  that  this  child's  abnormal 
development  is  caused  by  defects  in  the  biosynthesis  of  dopamine,  norepinephrine 
and  serotonin.  Just  as  with  hyperphenylalaninemia  due  to  DHPR  deficiency, 
we  have  proposed  that  the  administration  of  DOPA  and  5-hydroxytryptophan 
be  used  to  treat  this  new  disease. 

If  any  treatment  is  to  be  effective,  it  most  likely  will  have  to 
be  initiated  as  early  as  possible.  We  have  shown  that  the  deficiency 
of  pterin  cofactor  can  be  detected  in  the  patient's  urine.  This  test 
should  provide  a  means  for  the  rapid  diagnosis  of  hyperphenylalaninemia 
due  to  pterin  cofactor  deficiency  and  should  thus  allow  an  early  start 
of  therapy. 

We  have  previously  developed  a  quantitative  j£  vivo  assay  for  phenyl- 
alanine hydroxylase  activity  that  is  based  on  the  fact  that  the  conversion 
of  ring-tritiated  phenylalanine  to  tyrosine  is  accompanied  by  the  liberation 
of  tritiated  water  into  the  body  fluids.  In  collaboration  with  Dr.  J. 
Schulman,  NICHD,  we  have  for  the  first  time  performed  this  assay  on  a 
human  subject.  The  chid  with  cofactor  deficiency  was  found  to  have  between 
1  and  5%  of  normal  phenylalanine  hydroxylase  activity.  These  results 
agree  wery   well  with  the  phenylalanine  hydroxylase  activity  that  would 
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have  been  expected  from  the  low  amounts  of  cofactor  that  were  detected 
in  his  liver.  This  assay  is  sensitive  enough  to  be  useful  in  discriminating 
between  classical  PKU,  with  phenylalanine  hydroxylase  activity  of  less 
than  1%  of  normal,  and  "atypical"  PKU,  with  phenylalanine  hydroxylase 
activity  of  3  to  5%  of  normal. 

As  mentioned  earlier,  we  have  previously  proposed  that  administration 
of  DOPA  and  5-hydroxytryptophan  might  prevent  the  neurological  deterioration 
that  characterizes  hyperphenylalaninemia  due  to  DHPR  deficiency.  Experi- 
ence with  this  therapy  during  the  last  year  has  provided  a  new  perspective 
for  assessing  its  effectiveness.  It  is  clear  now  that  the  treatment 
cannot  reverse  the  neurological  deterioration  once  it  occurs.  There 
is  evidence,  however,  that  it  stops  the  progressive  downward  course  that 
characterizes  the  disease.  In  those  cases  where  replacement  therapy 
was  not  instituted,  the  disease  seems  to  be  fatal.  Indeed,  it  is  being 
called  "lethal  hyperphenylalaninemia".  By  contrast,  to  date,  no  patient 
who  has  been  treated  with  DOPA  and  5-hydroxytryptophan  has  died  from 
this  disease. 

During  the  last  year,  work  in  the  Laboraotry  of  Neurochemistry  led 
to  the  solution  to  a  puzzle  of  brain  metabolism.  The  elements  of  the 
puzzle  are:  a)  tetrahydrobiopterin  is  synthesized  in  the  brain;  b)  the 
most  likely  synthetic  route  goes  via  7,8-dihydrobiopterin;  c)  the  only 
enzyme  known  to  convert  7,8-dihydrobiopterin  to  tetrahydrobiopterin  is 
dihydrofolate  reductase;  and  d)  dihydrofolate  reductase  has  been  reported 
to  be  undetectable  in  brain.  We  found  that  the  last  "fact"  is  incorrect. 
Brain  does  have  dihydrofolate  reductase  and  the  brain  enzyme  can  synthesize 
tetrahydrobiopterin  from  the  7,8-dihydro  derivative.  The  finding  of 
dihydrofolate  reductase  in  brain  clarifies  many  heretofore  mysterious 
aspects  of  brain  metabolism. 

A  significant  advance  in  our  understanding  of  the  mechanism  of 
skeletal  muscle  hypertrophy  was  achieved  recently.  We  had  previously 
found  that  the  earliest  biochemical  change  in  this  process  is  a  marked 
increase  in  phospholipid  metabolism  in  the  hypertrophying  muscle.  This 
result  could  not  be  interpreted,  however,  because  the  cell  type  in  which 
the  enhanced  metabolism  was  occurring  had  not  been  identified.  With 
the  use  of  newly  developed  autoradiographic  techniques,  we  were  able 
to  show  that  the  increase  in  phospholipid  metabolism  occurs  in  muscle 
cells  before  it  occurs  in  other  cell  types.  This  alteration  in  metabolism 
is, therefore,  not  only  the  earliest  one  detected  to  date,  but  also  the 
earliest  one  that  has  been  localized  to  muscle  cells. 

Dr.  Nash  and  his  coworkers  have  made  an  important  advance  in  our 
understanding  of  the  mechanism  of  integrative  recombination  in  E.  coli. 
They  have  detected  and  isolated  a  new  enzyme,  called  "DNA  gyrase,  that 
play  a  key  role  in  the  process  of  integration.  In  the  presence  of  mag- 
nesium ions  and  ATP,  the  enzyme  converts  closed  circular  DNA  into  the 
supertwisted  DNA  that  is  required  for  integrative  recombination  in  cell- 
free  extracts.  That  the  activity  of  DNA  gyrase  is  also  essential  for 
integrative  recombination  in  whole  cells  was  shown  with  the  use  of  certain 
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antibiotics  that  work  by  inhibition  of  the  gyrase. 

In  the  Section  on  Biophysical  Chemistry,  Dr.  Neville  and  his  colleagues 
have  continued  to  explore  the  process  of  plasma  membrane  receptor-mediated 
entry  of  proteins  into  the  cytosol  of  cells.  They  have  succeeded  in 
constructing  artificial  hybrid  molecules  (i.e.,  molecules  that  do  not 
occur  in  nature),  between  2  protein  chains,  each  of  which  has  a  different 
physiological  function.  One  such  molecule  that  they  synthesized  is  a 
hybrid  of  diphtheria  toxin  fragment  A  and  human  placental  lactogen. 
This  hybrid  was  used  to  determine  whether  the  interaction  of  lactogen 
with  specific  receptors  on  mammary  gland  cells  would  mediate  the  entry 
of  the  toxin  chain  into  the  mammary  gland  cell.  Since  the  toxin  is  known 
to  inhibit  protein  synthesis  within  cells,  the  state  of  intracellular 
protein  synthesis  serves  as  a  detector  of  functional  toxin  molecules 
within  the  cell.  The  results  indicate  that  the  enzymatic  activity  qf 
the  toxin  A  molecule  was  lost  within  the  cell.  New  methods  are  being 
explored  to  protect  the  enzymatic  active  site  and  to  further  study  this 
important  new  means  for  delivery  of  physiologically  active  molecules 
to  specific  cells. 
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Annual  Report  of  the  Laboratory  of  Neurophysiology 

National  Institute  of  Mental  Health 

Edward  V.  Evarts,  M.D.,  Chief 

July  1,    1976  —  September  30,  1977 

The  projects  of  the  Laboratory  of  Neurophysiology  may  be  categorized  according 
to  three  major  areas  of  ongoing  research: 

I.   Brain  Mechanisms  in  Motor  Control 

1.  Cerebral  control  of  movement 

2.  Eye-head  coordination  in  the  primate:   neural  substrate  and  plasticity 

3.  Cortical  response  to  sensory  input  as  a  function  of  steady  state  motor 
activity 

II •   Neurochemical  Correlates  of  Activity  in  Brain  and  Muscle 

1.  Metabolic  correlates  of  brain  functional  activity 

2.  Muscle  function  and  metabolism 

III.  Functional  Neuroanatomy  ' 

1.  Transport  mechanisms  across  membranes  and  the  blood-brain  barrier 

2.  Functional  studies  of  the  substantia  nigra 

3.  CNS  connections  studied  by  amino  acid  autoradiography  and  horseradish 
peroxidase 

This  summary  will  consist  of  a  presentation  of  some  highlights  of  the  findings 
in  each  of  the  three  areas,  with  a  statement  as  to  the  significance  of  these 
findings  to  the  research  goals  of  the  National  Institute  of  Mental  Health. 

I .   Brain  Mechanisms  in  Motor  Control 

Animal  studies  on  brain  mechanisms  in  motor  control  have  elucidated  the 
relation  of  motor  cortex  neuron  discharge  to  large  (20°)  ballistic  movements 
as  compared  to  small  ('^^1°)  precisely  controlled  movements.   It  was  found  that 
neuron  responsiveness  to  sensory  input  is  relatively  enhanced  during  accurate 
positioning  and  controlled  small  movement,  but  reduced  before  and  during  bal- 
listic movements.   Taken  together,  these  findings  demonstrate  that  the  trans- 
cortical servo-loop  is  continuously  active  and  powerful  during  precisely  guided 
fine  movements  and  postujre.   The  intense  and  prolonged  discharge  of  precentral 
neurons  during  these  fine  movements  must  partly  reflect  the  central  motor  pro- 
gram and  partly  reflect  sensory  feedback  in  a  closed  loop.   The  relative  con- 
tribution of  the  two  inputs  to  the  motor  cortex  output  remains  to  be  fraction- 
ated.  The  relative  lack  of  sensory  feedback  to  motor  cortex  just  before  and 
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during  a  ballistic  movement  appears  to  depend  on  the  nature  of  the  central 

preprogram  and  on  the  specific  parameters  of  the  movement  itself. 

( 

A  second  phase  of  the  sub-human  primate  woi-k  on  brain  mechanisms  in  motor 
control  has  focused  on  elucidation  of  neural  mechanisms  underlying  plasticity 
in  the  nervous  system.   In  this  project  we  have  examined  the  effects  of  manipu- 
lating the  visual  input  normally  associated  with  head  movements  on  the 
vestibulo-ocular  reflex  (VOR) .   Normally,  monkeys  (like  man)  rely  on  the  VOR 
to  maintain  a  stationary  retinal  image  during  head  turns.   However,  our  pre- 
vious studies  have  shown  that  this  system  is  plastic  and  subject  to  a  visually 
mediated  optimization  process  which  assures  that  the  operation  of  the  VOR  main- 
tains maximal  stability  of  the  retinal  image  during  head  turns;  thus,  when 
animals  wear  telescopic  spectacles  the  VOR  adapts  to  the  new  conditions  by 
increasing  or  decreasing  gain  (i.e.  ,  sensitivity)  depending  on  the  power  of 
the  lenses  being  worn  by  the  animal. 

Experimental  objectives  in  work  on  the  VOR  were  twofold:   i.   Behavioral 
studies  have  attempted  to  define  quantitatively  the  dynamic  characteristics  of 
the  VOR  after  it  has  been  modified  through  prolonged  optical  reversal,  magnifi- 
cation or  reduction  of  the  visual  input  normally  associated  with  head  movements. 
2.   Chronic  single  unit  recording  techniques  were  initiated  with  the  object  of 
locating  the  site  of  the  neural  modifications  which  underlie  these  adaptive 
changes  in  the  VOR. 

It  has  been  found  that  animals  that  have  worn  telescopic  spectacles  show 
adaptive  changes  in  the  gain  of  their  VOR.   The  normal  rhesus  monkey  has  a  VOR 
gain  of  close  to  unity,  and  after  x2.0  lenses  values  up  to  1.85  are  recorded, 
while  after  xO.5  lenses  values  as  low  as  0.6  are  found.   These  changes  take  2    , 
to  5  days  to  reach  asymptote,  and  recovery  following  removal  of  the  spectacles 
takes  a  similar  period  of  time.   These  changes  follow  an  exponential  time 
course  so  that  the  rate  of  change  of  gain  is  proportional  to  the  error,  i.e., 
the  difference  between  the  actual  VOR  and  that  called  for  by  the  power  of  the 
lenses.   There  is  no  "progressive  learning  effect,"  i.e.,  with  subsequent  repei- 
titions  of  the  spectacle  experience,  the  time  required  to  adapt  does  not 
shorten.   Prolonged  head  immobilization  after  prior  adaptation  considerably 
delays  recovery  back  to  normal. 

These  effects  of  telescopic  spectacle  experience  on  the  gain  of  the  compensatory 
eye  movements  coupled  to  head  turns  clearly  indicate  that  the  primate  vestibulo- 
ocular  system  is  both  plastic  and  adaptive,  seeking  always  to  optimize  retinal 
image  stability.   The  relative  simplicity  of  this  system,  its  easy  quantifica- 
tion, and  our  ability  to  induce  modifications  in  its  performance  without  appar- 
ent pathological  side  effects,  make  it  a  powerful  new  substrate  for  studying 
plastic  mechanisms  in  brain  function.   Prolonged  optical  reversal  of  vision 
results  in  both  gain  and  phase  changes  in  the  VOR,  but  the  dynamics  of  the 
"reversed"  responses  are  very  abnormal,  suggesting  that  they  are  subserved  by 
a  different  neural  substrate  from  that  mediating  pure  gain  changes.   Thus, 
there  seems  to  be  more  than  one  modifiable  element  in  this  system. 

Single  unit  data  have  been  gathered  from  the  vestibular  nerve  and  flocculus  of 
three  normal  monkeys  and  four  gain-changed  animals,  and  recordings  are  still 
under  way.   The  preliminary  indications  are  that  the  modifications  underlying 
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the  adaptive  capability  of  the  VOR  do  not  occur  in  either  the  labyrinth  or  the 
flocculus.   Indeed,  such  changes  as  are  seen  in  the  flocculus  suggest  rather 
that  this  structure  receives  a  signal  which  has  already  been  partly  modified. 

The  single  unit  recordings  are  being  undertaken  to  establish  the  exact  locus 
of  the  modifiable  elements  in  the  VOR.   A  great  deal  is  known  about  the  anatomy 
and  physiology  of  the  VOR,  which  represents  one  of  the  best  examples  of  adaptive 
plasticity  currently  available  in  the  primate  brain.   Once  we  know  exactly  where 
the  modifiable  elements  are  located,  a  whole  new  area  of  research  related  to 
aspects  of  motor  learning  will  be  opened  up. 

In  addition  to  the  above-summarized  work  on  monkeys,  human  studies  on  brain 
mechanisms  in  motor  control  have  been  carried  out  to  obtain  a  clearer  delinea- 
tion between  the  reflex  and  the  intended  components  of  arm  movements  in  normal 
subjects  and  patients  with  psychomotor  disorders.   To  this  end  we  have  used  a 
paradigm  in  which  a  given  direction  of  intended  arm  movement  is  triggered  by 
either  of  two  possible  directions  of  limb  displacement,  with  one  direction 
stretching  and  reflexly  exciting  the  biceps  muscle  and  the  other  direction 
shortening  and  reflexly  inhibiting  the  biceps  musculature  which  was  to  become 
active  with  the  intended  response.   When  the  triggering  perturbation  "unloaded" 
and  inhibited  the  biceps  muscle  which  the  subject  intended  to  activate  the 
intended  discharge  was  superimposed  on  the  silence  of  reflex  inhibition  and  the 
time  of  onset  of  this  intended  discharge  could  be  accurately  identified. 

Using  this  paradigm,  we  find  that  the  response  to  a  kinesthetic  stimulus 
involving  muscle  stretch  consists  of:   1)  a  spinal  reflex:  2)  a  longer  latency 
reflex  mediated  by  supraspinal  circuits;  3)  an  intended  response  which  is  more 
rapid  than  the  intended  response  to  a  stimulus  which  does  not  involve  displace- 
ment of  the  responding  limb.   Studies  in  patients  with  parkinsonism  are  aimed 
at  seeing  how  these  components  of  motor  response  can  be  used  to  assess  clinical 
status  and  aid  in  the  regulation  of  drug  treatment.   Systematic  studies  have 
been  carried  out  in  20  patients  in  collaboration  with  the  clinical  staff  of 
NINCDS.   Results  are  still  too  preliminary  to  serve  as  a  basis  for  conclusions, 
but  give  promise  of  ultimately  providing  useful  tools  for  patient  assessment 
and  management.   Preliminary  results  have  also  been  obtained  in  patients  with 
Huntington's  disease. 

II-   Neurochemical  Correlates  of  Activity  in  Brain  and  Muscle 

Two  projects  are  being  carried  out  in  this  area— one  of  them  on  brain  and  the 
other  on  muscle.   The  brain  project  on  Metabolic  Correlates  of  Brain  Functional 
Activity  is  based  on  Sokoloff's  demonstration  that  regional  brain  metabolism 
can  provide  a  mirror  for  alterations  in  brain  functional  activity.   The  method 
used  in  these  studies  involves  mapping  of  brain  glucose  consumption.   As  the 
brain  under  normal  circumstances  is  dependent  on  the  combustion  of  glucose  for 
its  energy,  this  method  allows  us  to  functionally  map  those  brain  regions  which 
change  their  metabolic  activity  in  association  with  specific  physiological  and/ 
or  experimental  conditions. 

Within  the  past  year  we  have  used  2-deoxy-D-glucose  (2-DG)  as  a  functional 
marker  in  the  suprachiasmatic  nucleus.   A  number  of  studies  have  suggested  that 
there  exists  a  central  rhythm  generator  (an  endogenous  neural  clock)  for 
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generating  and  regulating  circadian  rhythms,  and  on  the  basis  of  lesion  studies 
the  suprachiasmatic  nuclei  (SCN)  have  been  hypothesized  as  one  possible  locus 
for  such  a  clock.   In  this  project,  in  collaboration  with  Dr.  H.  Gainer,  NICHHD, 
a  directly  measurable  property  of  the  SCN,  glucose  consumption  measured  by  the 
2-DG  autoradiographic  method,  was  examined  to  determine  if  it  would  be  affected 
by  environmental  light  and  exhibit  circadian  rhythmicity  in  intact  (unlesioned) 
animals.   It  was  found  that  the  SCN  glucose  consumption  could  be  "turned  on" 
by  exposure  of  the  animal  to  light  and  that  there  was  some  evidence  com.patible 
with  an  endogenous  rhythm  of  SCN  glucose  consumption  even  in  the  absence  of 
environmental  light.   More  experiments  to  prove  the  existence  of  an  endogenous 
circadian  rhythm  of  SCN  glucose  consumption  and  to  determine  what  biochemical 
event (s)  account (s)  for  the  circadian  rhythm  of  SCN  glucose  demand  are  still 
necessary. 

The  second  LNP  project  on  Neurochemical  Correlates  of  Activity  is  concerned 
with  Muscle  Function  and  Metabolism.   The  aim  of  this  project  is  to  study  con- 
trolling factors  in  the  muscle  excitation-contraction  process  and  to  understand 
the  evolution  of  and  recovery  from  muscle  fatigue.   Fatigue  is  produced  in 
single  muscle  fibers  by  tetanic  stimulation.   We  are  interested  in  relating  the 
duration  of  stimulation  and  tension  output  to  the  rates  of  consumption  of  avail- 
able substrates  like  glycogen,  ATP,  and  phosphocreatine.  When  a  whole  striated 
mugcle  is  stimulated  repetitively,  its  contractile  force  decreases  and  it  is 
said  to  be  fatigued.   Fatigue  does  not  occur  in  dystrophic  muscles  and  is 
characteristic  of  fast  but  not  slow  mammalian  and  amphibian  muscle  fibers.   The 
complexity  of  the  excitation-contraction  process  in  fast  muscles  makes  it  diffi- 
cult to  determine  at  what  stage  fatigue  sets  in.   Single  muscle  fibers  of  the 
frog  semitendinosus  muscle,  rather  than  whole  muscles,  were  selected  to  study 
fatigue  and  recovery.   Use  of  single  fibers  avoids  rate-limited  diffusion  and 
the  heterogenous  fiber  population  of  whole  muscle.   In  single  muscle  fibers  we 
w^re  able  to  distinguish  the  fatigue  process  following  tetanic  stimulation  from 
the  process  of  post-tetanic  potentiation.   Then  we  correlated,  for  the  first 
time  in  fibers,  tension  with  the  instantaneous  metabolic  profile  during  various 
stages  of  fatigue  and  of  recovery  from  fatigue.   We  showed  that  fatigue  under 
the  given  experimental  conditions  was  directly  related  to  residual  PCr  concen- 
tration, but  was  not  associated  with  significant  depletion  of  glycogen  or  of 
ATP. 

The  relation  between  contraction,  calcium  release  and  uptake,  and  electrical 
activity  of  a  single  fiber,  and  kinetic  changes  in  intracellular  metabolic  and 
calcium  compartments  is  important  not  only  for  understanding  the  basic  mecha- 
nisms of  excitation-contraction  coupling  and  fatigue  and  recovery  of  muscle, 
but  also  to  see  how  metabolites  are  employed  generally  to  support  cellular 
activity.   Our  finding  that  fatigue  develops  despite  high  levels  of  ATP  corres- 
ponds to  observations  of  "power  failures"  in  the  stimulated  peripheral  nerve 
or  sympathetic  ganglion.   In  these  tissues,  function  fails  before  energy  sup- 
plies are  exhausted.   The  protection  of  energy  supplies  at  the  expense  of  func- 
tion may  preserve  the  lj.fe  of  the  neuronal  or  muscle  cell. 

III.   Functional  Neuroanatomy 

Within  the  past  decade  there  have  been  rapid  advances  in  neuroanatomical 
methodology,  which  has  in  turn  led  to  greater  understanding  of  how  neural 
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structure  is  related  to  neural  function.   Studies  in  "functional  neuroanatomy" 

are  concerned  with  elucidation  of  structure-function  relationships  in  the 

nervous  system. 

The  first  major  area  of  LNP  work  in  functional  neuroanatomy  deals  with  Transport 
Mechanisms  Across  Membranes  and  the  Blood-Brain  Barrier.   The  blood-brain  bar- 
rier  at  the  cerebral  vasculature,  choroid  plexus,  and  arachnoid  membrane  cover- 
ing the  brain  regulates  the  ionic  environment  of  the  nervous  system  has 
specific  mechanisms  for  the  delivery  of  amino  acids  and  glucose  to  support  brain 
mechanisms  for  the  delivery  of  amino  acids  and  glucose  to  support  metabolism, 
and  prevents  access  of  blood-borne  proteins  to  the  brain,  as  well  as  access  of 
some  water-soluble  drugs  (e.g.,  penicillin  and  methotrexate). 

The  aim  of  this  project  is  a)  to  understand  the  basic  morphological  and 
physiological  properties  underlying  barrier  function  and  protecting  its  integ- 
rity; b)  to  develop  a  method  to  open  the  barrier  that  may  prove  useful  in 
pharmacology  of  the  central  nervous  system;  c)  to  understand  how  the  barrier 
is  affected  by  different  stresses  to  the  brain,  including  the  loss  of  auto- 
regulation  of  cerebral  blood  flow;  and  d)  to  understand  the  blood-ocular 
barrier  and  compare  it  with  the  blood-brain  barrier. 

The  results  of  the  project  are  significant  because  an  understanding  of  how  the 
barrier  regulates  the  brain  environment  and  controls  brain  metabolism  is  impor- 
tant to  understanding  function  and  homeostasis  of  the  central  nervous  system. 
We  have  demonstrated  osmotic  barrier  opening  and  have  developed  the  first  method 
that  can  reversibly  allow  the  entry  of  normally  excluded  drugs  into  the  central 
nervous  system.   This  method  should  be  useful  as  a  technique  for  studying 
pharmacology  of  the  central  nervous  system.   Entry  of  antibodies  could  be  used 
to  study  measles  or  other  viral  growth  in  the  brain,  and  entry  of  enzymes  could 
be  used  to  study  how  the  brain  cells  deal  with  exogenous  enzymes  for  eventually 
understanding  lysosomal  storage  diseases.   Entry  of  norepinephrine  has  already 
been  used  to  demonstrate  central  effects  of  that  drug  on  cerebral  blood  flow. 

We  have  also  demonstrated  that  osmotic  barrier  opening  is  due  to  widening  and 
increased  permeability  of  cerebrovascular  tight  junctions,  and  suggested  that 
tight  junctions  also  are  made  more  permeable  by  conditions  which  alter  auto- 
regulation  of  cerebral  blood  flow.   This  hypothesis  has  not  yet  been  tested, 
but  if  it  is  correct  the  effects  on  cerebral  function  of  clinical  hypertension 
convulsive  activity,  trauma,  and  other  conditions  which  alter  autoregulation 
should  be  reevaluated  in  terms  of  the  influence  of  altered  barrier  function. 

Finally,  we  have  for  the  first  time  distinguished  between  the  roles  of  the 
pigmented  and  nonpigmented  epithelial  layers  of  the  ciliary  body  of  the  eye  in 
regulating  aqueous  secretion.   We  have  shown  that  the  nonpigmented  layer  alone 
can  control  secretion  and  maintain  normal  intraocular  pressure.   Our  findings 
that  intraocular  pressure  can  be  reduced  below  normal  over  a  period  of  months 
suggest  that  hypertonic, perfusion  of  ocular  tissue  might  be  of  eventual  use  in 
treating  acute  glaucoma. 

A  second  project  coming  under  the  heading  of  Functional  Neuroanatomy  is 
Functional  Studies  of  the  Substantia  Nigra.   This  project  aims  to  understand 
both  the  normal  function  and  the  pathophysiology  of  the  substantia  nigra  by 
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using  the  2-DG  tracer  technique  for  measuring  brain  glucose  consumption  (see 
Project  No.  ZOl  MH  01085-04  LNP)  ,   The  substantia  nigra  is  of  research  interest 
for  a  number  of  reasons.   As  part  of  the  basal  ganglia  anatomically,  its  role 
in  brain  function  remains  quite  unclear.   The  cell  bodies  of  the  substantia 
nigra  contain  dopamine,  and  their  axons  form  a  well-described  dopaminergic 
nigrostriatal  tract.   Clinical  interest  in  this  system  has  been  generated  by 
the  observation  that  decreased  dopamine  in  the  striatum  and  substantia  nigra 
has  been  correlated  with  the  presence  of  rigidity  and  akinesia  in  Parkinson's 
disease,  and  that  basal  gangld.a  degeneration  may  be  an  important  factor  in  the 
pathogenesis  of  this  disorder.   Finally,  a  wide  variety  of  brain  functions  has 
been  attributed  to  dopamine,  including  regulation  of  feeding,  reward  mechanismis, 
and  in  the  pathogenesis  of  schizophrenia. 

To  initially  characterize  the  pattern  of  altered  brain  glucose  consumption 
which  might  result  from  destruction  of  ascending  dopaminergic  pathways,  large 
unilateral  electrolytic  lesions  of  the  lateral  hypothalamic  area  in  the  region 
of  the  ascending  pathways  were  made.   The  brains  of  these  animals  revealed 
that  the  glucose  consumption  of  a  number  of  structures  rostral  and  ipsilateral 
to  the  lesion  was  depressed  compared  with  that  of  the  contralateral  side.   The 
most  significant  effects  were  found  in  sulcal  prefrontal  cortex,  frontal  corteoc, 
parietal  cortex,  and  cuadato-putamen;  but  not  all  forebrain  structures  were 
affected,  and  no  structure  caudal  to  the  lesion  was  involved.   The  right-left 
metabolic  asymmetry  was  present  as  early  as  2  hours  postoperatively  and  per- 
sisted virtually  unchanged  for  at  least  14  days.   Finally,  study  of  one  other 
biochemical  pathway,  the  incorporation  of  intravenously  injected  [^'^jL-leucina 
into  its  formalin-fixed  metabolic  derivatives  (mostly  proteins) ,  in  the  lesioned 
animals  revealed  that  there  was  no  lesion-induced  left-right  disruption  of  this 
pathway.   Since  at  least  this  metabolic  pathway  appeared  preserved  in  lesioned 
animals,  the  observed  lesion-induced  disruption  of  forebrain  glucose  consumption 
was  probably  not  a  consequence  of  inert  ipsilateral  brain  tissue.   Furthermore, 
the  disruption  of  the  metabolic  pathways  for  forebrain  glucose  consumption  may 
have  been  a  specific  effect  of  the  lesions  and  not  merely  a  nonspecific  reflec- 
tion of  a  lesion- induced  alteration  of  whole  brain  mechanism. 

To  determine  what  role  ascending  dopaminergic  pathways  might  play  in  the 
development  of  the  metabolic  sequelae  of  the  lateral  hypothalamic  lesions,  6- 
hydroxydopamine  was  unilaterally  injected  into  the  substantis:  nigra.   The 
asymmetry  of  glucose  consumption  could  be  partially  reproduced  in  some  of  the 
forebrain  structures,  most  significantly  in  the  caudato-putamen,  by  such 
lesions.   Destruction  of  the  cell  bodies  which  give  rise  to  the  ascending  dopa- 
minergic nigrostriatal  bundle  is  one  consequence  of  6-hydroxydopamine  lesions 
of  the  substantia  nigra,  so  it  is  possible  that  the  destruction  of  this  bundle 
by  the  lateral  hypothalamic  lesions  was  partially  responsible  for  the  disrupted 
pattern  of  caudato-putamen  glucose  consumption  observed  after  lateral  hypo- 
thalamic lesions. 

As  one  test  of  this  hypothesis,  apomorphine,  a  dopamine  receptor  agonist,  was 
administered  to  animals  with  lateral  hypothalamic  lesions  to  determine  whether 
pharmacological  stimulation  of  denervated  striatal  dopaminergic  receptors  could 
correct  the  metabolic  deficit  in  the  caudato-putamen.   When  apomorphine  was 
given  to  the  lesioned  animals  14  days  postoperatively,  the  glucose  consumption 
in  sulcal  prefrontal  cortex,  frontal  cortex,  and  parietal  cortex  remained 
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.  ipsilaterally  depressed,  but  the  right-left  asymmetry  of  the  glucose  consumption 
m  caudato-putamen  had  disappeared  (and  had  even  reversed  in  anterior  caudato- 
putamen).   Interestingly,  when  apomorphine  was  given  to  the  lesioned  animals 
J  days  postoperatively,  there  was  no  effect  on  the  metabolic  asymmetry  of  any 
of  the  forebrain  structures,  including  that  of  the  caudato-putamen. 

Therefore,  the  observed  asymmetry  of  glucose  consumption  in  caudato-putamen 
after  unilateral  electrolytic  lesiong  of  the  lateral  hypothalamus  can  be  1) 
partially  reproduced  by  6-hydroxydopamine  injections  into  the  substantia  nigra 
and  2)    reversed  by  intravenous  apomorphine.   The  observation  that  a  1  mg/ks  dose 
of  apomorphine  restores  caudato-putamen  glucose  consumption  14  days  after 
lesions  had  been  made  but  is  ineffective  3  days  postoperatively  may  possibly  be 
explained  by  a  leftward  shift  in  apomorphine' s  dose-response  curve  as  a  result 
of  the  gradual  onset  of  "denervation  supersensitivity"  of  the  postsynaptic  dopa- 
minergic receptors  in  the  caudato-putamen.  j^   f  *^   wp« 

A  new  project  under  the  broad  heading  of  Functional  Neuroanatomy  was  begun  in 
January  of  this  year.   The  purpose  of  this  project  is  to  allow  utilization-  of 
the  newest  neuroanatomical  methods  in  conjunction  with  studies  of  brain  physi- 
IJtlL        l^"-"'   f  ^'^i\i°"^l  microelectrode  recording  techniques.   The  anatomical 
methods  utilized  in  this  project  include  amino  acid  autoradiography  and  horse! 
radish  peroxidase  (HRP)  tracing  of  neuroanatomical  connections  and  radioactive 
j-DG  for  functional  mapping  of  brain  sites  which  exhibit  changes  in  metabolic 
activity  in  relation  to  different  behaviors,   One  of  the  long-range  goals  of 
this  project  IS  to  discover  still  additional  "markers"  to  identify  the  indi^ 
yidual  and/or  neuronal  networks  mediating  specific  forms  of  behavior.   Our 
traditional  microelectrode  recording  techniques  have  been  fruitful,  but  suffer 
onetime  ''"^'^.'^^^  ^'"^^  ^^^^  °"^  °-  -^  --t  a  few  cells  can  be  studied  at  any 
one  time.   In  the  future  it  seems  possible  that  anatomical  methods  will  enable 
us  to  mark  active  cells  with  specific  chemicals  taken  up  according  to  their 
activity  and  then  to  identity  the  marked  cells  in  histological  sections   Such 
techniques  would  allow  us  to  look  at  millions  of  cells  in'a  particular  ;ni!al 
preparation  and  to  obtain  a  much  fuller  understanding  of  the  patterns  of  cellu- 
lar activity  involved  in  mediating  both  simple  and  complex  behavior. 
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Laboratory  of  Clinical  Psychophannacology 
Richard  Jed  Wyatt,  M.D.,  Chief 

The  year  1977  has  been  a  successful  year  for  the  Laboratory  of  Clinical 
Psychopharmacology.  We  have  been  blessed  with  a  superb  group  of  young 
physicians  who  provided  the  highest  quality  of  care  for  our  patients,  have 
been  interested  in  the  problem  of  schizophrenia,  and  have  sought  innovative 
answers  as  to  how  we  might  better  treat  them..  Our  major  scientific  success 
has  been  the  splitting  of  severe  chronic  schizophrenic  groups  using  platelet 
monoamine  oxidase  as  a  discriminator.  Platelet  monoamine  oxidase  discriminates 
acute  from  chronic  schizophrenics  but  within  the  severe  chronic  schizophrenics 
discriminate  the  paranoids  from  the  nonparanoids.  This  is  a  finding  that  has 
been  replicated  not  only  in  our  lab  but  at  least  in  one  other  laboratory.  The 
meaning  of  this  finding  is  still  under  investigation  and  with  the  full  opera- 
tion of  our  biochemistry  unit  operated  by  Drs.  Karoum  and  Neckers,  as  well  as 
numerous  collaborations  outside  the  laboratory,  we  hope  to  have  a  better  under- 
standing of  the  significance  of  this  finding.  We  have  continued  numerous  drug 
trials  in  the  hope  that  we  may  be  able  to  alleviate  some  of  the  schizophrenic 
symptoms.  The  most  promising  avenue  has  been  the  use  of  alpha-methyl-para- 
tyrosine  in  conjunction  with  conventional  neuroleptic  drugs.  In  a  small  group 
of  schizophrenics,  alpha-methyl -para-tyrosine  appears  to  have  an  additive  ef- 
fect to  the  neuroleptics  on  some  measures  of  behavior.  Unfortunately,  this 
is  unlikely  to  provide  a  practical  form  of  treatment  because  of  the  toxicity 
of  alpha-methyl -para-tyrosine.  If,  however,  further  trials  with  alpha-methyl- 
para-tyrosine  indicate  that  it  is,  in  fact,  a  useful  treatment,  similar  drugs 
with  less  toxicity  may  be  developed  and  found  to  be  useful. 

Dr.  Stoff  has  continued  development  of  animal  models  of  schizophrenia, 
particularly  involving  phenyl  ethyl  amine  (PEA)  and  dimethyl tryptamine  (DMT), 
in  order  to  examine  clinical  criteria  relevant  to  psychiatric  illness. 

Our  studies  of  sleep—the  project  report  which  will  be  found  in  the 
Adult  Psychiatry  Branch's  Annual  Report,  have  also  had  considerable  success. 
Dirs.  Gill  in  and  Mendel  son  have  further  explored  the  relationship  of  acetyl- 
choline to  human  sleep  as  well  as  the  relationship  of  biogenic  amines  to  the 
secretions  of  neurohormones  produced  in  the  hypothalamus  and  secreted  by  the 
pituitary  gland. 

Dr.  Stillman  has  continued  his  inventive  studies  in  an  attempt  to  under- 
stand why  people  use  drugs  of  abuse  and  his  finding  that  there  is  a  suppres- 
sion of  the  left  hemispheral  function  with  marijuana  and  that  this  suppression 
is  different  than  that  produced  by  alcohol  use  appear  to  be  very  promising. 

Our  aging  studies  still  remain  wery  much  in  their  incipiant  stages  due 
to  the  lack  of  personnel  with  which  to  carry  them  out.  However,  it  is  hoped 
that  in  the  next  year,  even  without  increased  personnel,  we  will  be  able  to 
begin  these  in  a  small  way. 
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Laboratory  of  Neuropharmacology 
Richard  Jed  Wyatt,  M.D.,  Acting  Chief 

This  summary  is  the  ninth  in  the  history  of  the  laboratory. 
Since  the  last  report  by  Dr.  George  Siggins,  he  has  joined 
Dr.  Floyd  Bloom  at  the  Salk  Institute  in  LaJolla.   Dr.  Barry 
Hoffer  subsequently  became  acting  chief  until  the  late  summer 
when  he  left  for  the  University  of  Colorado  Medical  Center.   I 
have  been  serving  in  the  capacity  of  acting  chief  since  that 
time.   The  activities  of  the  lab  have  been  maintained  Primarily 
by  Drs  David  Taylor,  who  has  now  left  to  join  Dr.  Hoff ar  in 
Colorado,  Dr.  Margret  Schlumpf  who  left  during  the  winter, 
Mr.  Paul  Oliver,  Ms.  Eleanor  Krauthamer,  and  the  Section  on 
Synaptic  Pharmacology  headed  by  Dr.  Forrest  F.  Weight. 
Dr.  Schliampf  and  Dr.  Taylor  continued  to  work  on  projects  th  \t 
hey  had  been  assigned  by  senior  investigators  before  they  l^ft. 
Dr.  Schlumpf 's  work  is  as  described  in  last  year's  report, 
Dr.  Taylor  has  submitted  project  reports  for  this  year.   His 
primary  efforts  were  in  studying  the  physiology  and  morphology 
of  transplants  from  fetal  transplants  into  the  anterior  chamber 
of  a  rat.   He  will  continue  this  work  when  he  arrives  in 
Colorado.   Ms.  Krauthamer  has  been  primarily  assigned  to  work  in 
Dr.  Costa's  laboratory  during  the  next  year.   Mr.  Oliver  has 
used  a  guinea  pig  hippocampal  slice  to  study  the  production 
seizures.   He  has  successfully  demonstrated  that  the  seizures 
can  be  contrided  by  conventional  anticonvulsive  drugs.   He  will 
continue  this  work  during  the  next  year.   Cr.  Weight's  activi-r 
ties  are  described  fully  below.   As  far  as  the  organization  of 
the  laboratory  goes  during  the  next  year,  we  will  continue  our 
efforts  to  identify  an  area  and  direction  so  that  we  may  choose 
a  new  laboratory  chief.   Dr.  Eberhart  has  set  up  a  committee 
which  has  interviewed  a  number  of  investigators  primarily  in  the 
areas  of  anatomy  and  pharmacology  so  that  we  might  identify  a 
direction.   Once  this  direction  is  better  identified  a  formal 
search  committee  will  be  set  up  which  will  solicit  applications 
for  the  new  chief;   It  is  expected,  however,  that  this  process 
will  take  considerable  time. 
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SECTION  ON  SYNAPTIC  PHARMACOLOGY 
Forrest  F.  Weight,  M.D.,  Chief 

This  summary  report  vill  outline  the  progress  of  the 
Section  toward  the  accompl : shnent  of  its  goals.   The  mission  of 
the  Section  on  Synaptic  Pharnacology  is  the  elucidation  of  the 
cellular  basis  of  nervous  svstem  function.   This  goal  has  been 
approached  by  multidisciplinary  studies  including  physiology, 
pharmacology,  anatomy  and  biochemistry  focusing  particularly  on 
understanding  the  communication  between  nerve  cells  at  synapses. 
The  purpose  of  these  investigations  is  to  provide  fundamental 
knowledge  on  the  cellular  basis  of  nervous  system  function, 
which  will  provide  a  foundation  for  our  future  understanding  of 
the  biological  basis  of  mental  illness. 

The  investigations  of  the  Section  on  Synaptic  Pharmacology 
■have  centered  around  five  ma^or  questions,  which  will  serve  as 
the  organizational  basis  for  this  summary:  (1)  the  control  and 
modulation  of  transmitter  release;  (2)  the  membrane  permeability 
changes  resulting  from  transmitter  action;  (3)  the  molecular 
mechanisms  involved  in  the  synaptic  control  of  membrane 
permeability;  (4)   long-lasting  control  of  postsynaptic  membrane 
permeability  and  the  modulation  of  synaptic  transmission 
efficacy;  and,  (5)  the  effect  of  psychotherapeutic  agents  on 
synaptic  transmission  m.echanisms. 

I.   HOW  IS  TRANSMITTER  RELrASE  CONTROLLED  AND  MODULATED? 

One  of  the  important  aspects  of  synaptic  transmission  is 
the  release  of  the  chemical  transmitter.   In  order  to  understand 
the  m.echanisms  involved  in  the  control  and  modulation  of 
transmitter  release,  we  have  studied  three  aspects  of 
transmitter  release:   (1)  the  role  of  potassium  in  the  control 
of  transmitter  release;  (2)  the  role  of  temperature  in 
transmitter  release;  and  (3)  physiological  mechanisms  modulating 
the  release  of  synaptic  transmitter.   These  studies  will  be 
briefly  summarized. 

Role  of  Potassium  in  the  Control  of  Transmitter  Release. 

Potassium  ions  have  been  found  in  previous  studies  to 
accumulate  extracellularly  in  the  nervous  system  with  repetitive 
nervous  activity.   There  is  little  information,  however,  on  the 
physiological  effects  and  functional  significance  of  increased 
extracellular  potassium.   In  this  investigation,  we  studied  the 
effect  of  changing  extracellular  potassium  concentration  on 
synaptic  transmitter  release  at  the  squid  giant  synapse.   We 
found  that  an  increase  in  extracellular  potassium  decreases 
the  release  of  transmitter.   This  depression  of  transmitter 
release  is  due  to  a  change  in  the  amplitude  of  the  presynaptic 
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action  potential.   Such  a  depression  of  transmitter  release 
could  be  important  functionally  when  nervous  activity  results  in 

an  accurriulation  of  extracellular  potassium. 

Role  of  Temperature  in  Transmitter  Release. 

Transmitter  release  has  been  found  to  be  temperature 
sensitive  in  previous  investigations;  however,  in  those  studies 
it  was  not  possible  to  determine  if  the  changes  in  transmitter 
release  were  due  to  effects  of  temperature  on  the  amplitude  of 
the  presynaptic  action  potential,  because  at  most  synaptic 
junctions  the  presynaptic  spike  can  not  be  recorded.   We  studied 
this  problem  at  the  squid  giant  synapse,  where  it  is  possible  to 
record  the  presynaptic  action  potential  intracellularly .   We 
found  that  a  change  in  presynaptic  spike  height  does  not  appear 
to  be  the  major  factor  involved  in  the  sensitivity  of 
transmitter  release  to  temperature.   The  effect  of  temperature 
on  transmitter  release  is  therefore  likely  to  involve  other 
factors  such  as  temperature  sensitivity  of  the  release 
mechanism, 

Physiological  Mechanisms  Modulating  the  Release  of  Synaptic 

Transmitter . 

The  modulation  of  transmitter  release  by  physiological 
activity  may  play  an  important  role  In  the  processing  of 
inform.ation  in  the  nervous  system.   The  knowledge  that 
repetitive  activity  of  a  neuron  or  axon  results  in  an 
accumulation  of  extracellular  potassium,  together  with  the 
evidence  that  increasing  extracellular  potassium  concentration 
decreases  transmitter  release  (see  above) ,  prompted  us  to 
investigate  whether  the  accumulation  of  extracellular  potassium 
resulting  from  a  train  of  impulses  in  a  postsynaptic  structure 
might  modulate  the  release  of  transmitter  from  the  presynaptic 
terminal.   We  found  that  repetitive  action  potentials  in  the 
postsynaptic  axon  of  the  squid  synapse  results  in  a  depression 
of  transmitter  release  from  the  presynaptic  terminal,  and  this 
effect  results  from  the  accumulation  of  extracellular  potassium 
ions.   The  modulation  of  transmitter  release  by  repetitive 
postsynaptic  action  potentials  can  function  as  a  negative 
feedback  m.echanism  to  inhibit  impulse  transmission  through  a 
synapse.   In  this  way,  the  accum.ulation  of  extracellular 
ontassiur  resulting  from  physiological  activity  may  modulate 
synaptic  transmission  and  function  as  an  integrative  mec?ianism 
in  the  nervous  system. 
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II.   WHAT  ARE  THE  MEMBRANE  PERT'.EARILITY  CHANGES  RESULTING  FRO" 
TRANSMITTER  ACTION? 

A  second  important  aspect  -f  syraptic  transmission  is  the 
effect  of  the  synaptic  transmit^--  '"•■  the  postsynaptic  neurrn  to 
generate  postsynaptic  responses  .   Tr  order  to  be  able  r. tt.  :v  in 
detail  the  mechanisms  by  which  ;;y-':-;-^ic  transmitter  a-ti'-n  en 
postsynaptic  receptors  leads  tc:    _  -eneration  of  pos"  : /.:.  y- . :  _ 
responses,  it  is  necessary  to  tr  ar  ir-  to  stimulate  selectively  a 
specific  synaptic  pathway,  to  bnov/  the  identity  of  the  synaptic 
transmitter,  and  to  know  the  typos  cf  postsynaptic  receptors 
activated  by  the  transmitter.   '"o  achieve  this  goal,  we  have 
investigated  postsynaptic  mechanisms  of  transmitter  action,  m  a 
model  where  these  factors  can  be  precisely 
defined  and  studied,  the  sympathetic  ganglion 

of  the  bullfrog.   In  these  inves  hic?  tions ,  we  have  id'^ntified 
and  characterized  the  synaptic  p-^'rr'^-ays ,    the  synaptic 
transmitters,  and  the  postsynap-^  lc  r-ceptors  invclvec''.  ir  th- 
generation  of  postsynaptic  resp"r;---=,   VJe  have  then  used  rhe^c 
defined  synaptic  pathways  to  stU'-'.y  -\rd   elucidate  t    morhrane 
and  molecular  mechanisms  involv-'-c  .;  r  different  types  cr  post- 
synaptic responses,  and  to  stucy  'the  synaptic  mechanism^s 
psychotherapeutic  drug  action. 

Identification  and  Characterization  cf  Synaptic  Pathways, 
Synaptic  Transmitters  and  Postsynaptic  Receptors. 

A  combination  of  electron  r.icroscopic ,  histochem.ical , 
pharmacological,  and  electrophysiological  methods  were  utilized 
in  this  investigation.   The  neurons  in  the  sympathetic  ganglia 
of  the  bullfrog  were  found  to  be  unipolar,  and  v;ere  innervated 
by  a  single  preganglionic  axon.   ""he  cholinergic  preganglionic 
fiber  stained  for  acetylcholinesterase  and  was  observed  in  both 
the  light  and  the  electron  microscope  to  spiral  around  the  axon 
hillock  of  the  ganglion  cell  before  arborizing  and  making 
synaptic  contact  with  the  neuron.   '"ost  synapses  were  located  on 
the  soma,  a  situation  well  suitp-d  for  studying  the  permeability 
mechanisms  involved  in  the.  generation  of  postsynaptic  responses. 

With  intracellular  recording  ,  tv'o  types  of  neurons  have 
been  identified,  B  cells  and  C  celi~;  each  type  cf  neurcn 
receives  a  single  m.onosynaptic  ?•_ -.:- oction  from,  different 
presynaptic  nerves.   The  presyr  ?.;:•- ic  fibers  in  the  sympathetic 
chain  synapse  with  B  cells,  and  -,:,-  presynaptic  fibers  in  the 
eighth  nerve  synapse  with  C  cel^s  .   Selective  stir.ulaticn  ■'■■- 
each  of  these  presynaptic  nerve-;  .•:-■;,:  ::its  a  fast  excitatory 
postsynaptic  potential  (fast  EP;"?';  ir.  each  cell  type. 
Administration  of  acetylcholine  ("-/Ch;  by  iontophoresis  mim.ics 
the  fast  EPSP,  and  both  the  fast  EPSP  and  the  ACh  response  are 
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blocked  by  nicotinic  antagonists,  indicating  that  ACh  is  the 
transmitter  activating  nicotinic  postsynaptic  receptors.   In  the 
presence  of  nicotinic  antagonists,  repetitive  stimulation  of  the 
separate  presynaptic  nerves  produces  slow  synaptic  potentials  of 
opposite  types  in  the  two  cell  types.   Stimulation  of  the 
sympathetic  chain  produces  a  slow  excitatory  postsynaptic 
potential  (slow  EPSP)  in  B  cells,  and  stimulation  of  the  eighth 
nerve  produces  a  slow  inhibitory  postsynaptic  potential  (slow 
IPSP)  in  C  cells.   Both  the  slow  EPSP  and  the  slow  IPSP  are 
mimicked  by  the  iontophoretic  administration  of  ACh  to  B  and  C 
cells,  respectively.   The  muscarinic  antagonist,  atropine, 
blocks  the  effects  of  iontophoretically  applied  ACh  and  both  the 
slow  EPSP  and  the  slow  IPSP,  indicating  that  both  the  slov/  EPSP 
and  the  slow  IPSP  are  mediated  by  ACh  activating  muscarinic-: 
postsynaptic  receptors. 

The  fluorescence  histochemical  method  demonstrates  that 
there  are  small  intensely  fluorescent  (SIF)  cells  distributed' 
randomly  in  the  ganglia  and  located  in  the  vicinity  of  blood 
vessels.  _  Histochemistry  with  the  chromaffin  reaction  reveals 
that  the  SIF  cells  are  a  type  of  chromaffin  cell.   Electron 
microscopy  shows  that  ultrastructurally  the  SIF-chromaf f in  cells 
appear  to  be  identical  to  the  chromaffin  cells  in  the  adrenal 
gland.   The  SIF-chromaf fin  cells  do  not  have  the  morphological 
characteristics  of  interneurons  and  thus  are  apparently  not 
involved  in  the  mediation  of  synaptic  potentials.   This  is  in 
accord  with  the  anatomical  and  physiological  data  cited 
previously,  that  the  fast  and  slow  synaptic  potentials  are  due 
to  cholinergic  innervation  of  the  neurons . 

Synaptic  Control  of  Postsynaptic  Membrane  Permeability. 

Synaptic  excitation  results  from  an  increased  permeability 
of  the  postsynaptic  membrane  at  most  chemically  transmitting 
synapses  that  have  been  investigated.   This  has  also  been  found 
to  be  the  case  for  the  fast  EPSP  in  these  sympathetic  neurons, 
where  the  transmitter  ACh,  acting  on  nicotinic  receptors, 
increases  the  postsynaptic  permeability  to  sodium  and  potassium 
ions.   Investigation  of  the  slow  EPSP  has  revealed  that,  in 
contrast  to  the  increased  permeability  associated  with  most 
other  EPSPs,  the  slow  EPSP  is  generated  by  a  decrease  in 
membrane  permeability.   Electrophysiological  analysis  indicates 
that  the  mechanism  of  generation  of  the  slow  EPSP  is  a  decrease 
in  the  permeability  of  the  membrane  to  potassium  ions.   Because 
of  the  in  vitro  nature  of  the  preparation,  and  the  fact  that  the 
transmitter  is  known  to  be  ACh,  it  has  been  possible  to  apply 
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ACh  iontcphoretically  and  change  extracellular  potassium  ions  to 
obtain  additonal  data  supporting  this  mechanism.   Investigation 
of  the  slow  IPSP  indicates  that  it  is  also  generated  by  a 
decrease  in  m.embrane  permeability,  in  contrast  to  the  increased 
permeability  associated  with  most  other  IPSPs. 

Electrophysiological  analysis  of  the  slow  IPSP  indicates  that 
the  decreased  permeability  is  predominantly  to  sodium  ions.   The 
iontophoretic  administration  of  ACh  and  changing  extracellular 
sodium  has  provided  supporting  data  for  this  mechanism.   There 
are  a  number  of  suggestions  that  similar  synaptic  mechanisms  are 
involved  in  slow  postsynaptic  potentials  in  the  central  nervous 
system;  however,  because  of  various  technical  and  experimental 
limitations,  it  has  not  been  possible  to  adequately  characterize 
those  mechanisms.   Now  that  various  types  of  synaptic  mechanisms 
have  been  elucidated  in  this  preparation,  it  is  possible  to 
investigate  the  molecular  mechanisms  involved  in  the  generation 
of  these  synaptic  potentials. 

III.   WHAT  ARE  THE  MOLECULAR  MECHANISMS  INVOLVED  IN  THE  SYNAPTIC 
CONTROL  OF  MEMBRANE  PEPJIEABILITY? 

Role  of  Cyclic  Nucleotides  in  Synaptic  Potential  Generation 

In  an  attempt  to  determine  the  molecular  mechanisms 
underlying  synaptic  potential  generation,  the  possibility  that 
cyclic  nucleotides  may  act  as  intracellular  second  m.essengers 
has  been  investigated.   In  collaborative  experiments  with  Dr.  P. 
Greengard  (Yale  Univ.),  it  has  been  found  that  brief  stimulation 
of  preganglionic  nerve  fibers  results  in  a  rapid  and  significant 
increase  in  both  cyclic  guanosine  monophosphate  (cyclic  GMP)  and 
cyclic  adenosine  m.onophosphate  (cyclic  AMP)  .   The  increase  in 
cyclic  GMP  and  cyclic  M^P  content  that  occurs  with  stimulation 
in  normal  Ringer's  solution  is  not  observed  in  ganglia 
stimulated  in  a  high  magnesium.,  low-calcium  Ringer.   Atropine,  a 
muscarinic  cholinergic  antagonist  that  blocks  both  the  slow  IPSP 
and  the  slow  EPSP  in  this  tissue,  also  blocks  the  increase  in 
cyclic  GMP,  but  not  the  increase  in  cyclic  AMP.   These  data  are 
consistent  with  the  possibility  that  cyclic  GMP  may  be  involved 
in  the  postsynaptic  action  of  acetylcholine  at  muscarinic 
cholinergic  synapses.   Further  investigation  is  necessary  to 
determine  the  postsynaptic  receptors  involved  in  the  cycli.c  AMP 
activation. 

In  view  of  the  preceding  data,  the  possibility  that  cyclic 
nucleotides  might  mediate  the  permeability  changes  underlying 
the  generation  of  the  slow  postsynaptic  potentials  was 
investigated  by  electrophysiological  techniques.   Consistent 
with  this  possibility,  we  found  a  potentiation  of  the  slow  IPSP 
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by  theophylline,  an  inhibitor  of  phosphodiesterase  -  the 
enzyme  that  breaks-down  cyclic  nucleotides.   However, 
theophylline  also  had  direct  membrane  actions  that  might  account 
for  this  potentiation.   Furtheirmore ,  the  administration  of 
cyclic  GMP,  cyclic  AI-IP,  and  their  derivatives,  had  no  consistent 
effect  on  membrane  potential.   Thus,  it  is,  at  present, 
uncertain  as  to  whether  the  increases  in  cyclic  nucleotides 
elicited  by  stimulation  of  presynaptic  afferents  are  involved  in 
the  mediation  of  postsynaptic  potential  generation,  or  have 
other  functional  roles  in  these  neurons. 

Role  of  Electrogenic  Sodium  Pump  in  Slow  Synaptic  Inhibition. 

Another  molecular  mechanism  that  might  be  involved  in 
postsynaptic  potential  generation  was  also  investigated.   We 
studied  the  possibility  that  the  slow  IPSP  might  be  due  to  the 
synaptic  activation  of  the  electrogenic  sodium  pump.   In  this 
project,  the  activation  and  inhibition  of  the  electrogenic 
sodium  pump  was  first  studied  and  characterized.   We  found  that 
potassium-free  Ringer  and  ouabain  are  effective  inhibitors  of 
the  electrogenic  sodium  pump  in  this  tissue.   These  inhibitors 
were  then  tested  on  the  generation  of  the  slow  IPSP.   It  was 
found  that  they  do  not  block  the  slow  IPSP.   These  data  indicate 
that  the  slow  IPSP  does  not  result  from  a  synaptic  activation  of 
the  electrogenic  sodium  pump. 

IV.  DOES  LONG-LASTING  CONTROL  OF  POSTSYNAPTIC  MEMBRANE 
PERMEABILITY  MODULATE  THE  EFFICACY  OF  TRANSMISSION 
AT  SYNAPSES? 

The  synapse  functions  as  the  communication  link  between 
nerve  cells.   An  understanding  of  the  mechanisms  by  which 
synaptic  transmission  can  be  modulated  may  therefore  be 
important  in  the  elucidation  of  the  cellular  mechanisms 
underlying  complex  nervous  system  functions.   The  vast  majority 
of  postsynaptic  responses  are  of  very  short  duration  (msec)  and 
thus  postsynaptic  interactions  are  brief  and  require  a  high 
degree  of  synchrony.   Furthermore,  at  most  synapses  the 
postsynaptic  potentials  are  generated  by  increases  in  membrane 
permeability  and  when  such  postsynaptic  potentials  combine  the 
result  is  at  most  their  sum,  and  often  it  is  less.   As  indicated 
previously,  the  slow  postsynaptic  potentials  are  generated  by 
decreases  in  membrane  permeability,  which  is  measured  by 
electrophysiological  techniques  as  an  increase  in  the  membrane's 
electrical  resistance.   Such  an  increase  in  membrane  resistance 
would  be  expected  tio  increase  the  amplitude  of  fast  EPSFs.   We 
tested  this  possibility  and  found  that  the  slow  decreases  in 
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membrane  permeability  can  increase  the  effectiveness  of  impulse 
transmission  at  synapses.   Slow  decreases  of  memibrane 
permeability  of  sufficient  magnitude  increased  the  amplitude  of 
monosynaptic  fast  EPSPs.   By  this  postsynaptic  mechanism, 
activation  of  one  synaptic  pathway  causes  an  increase  in  the 
transmission  of  impulses,  lasting  several  minutes,  across 
another  synapse.   By  aug-  menting  rather  than  diminishing,  a 
convergent  synaptic  input,  a  decrease  in  membrane  permeability 
can  make  that  synaptic  input  more  effective  in  the  generation  of 
postsynaptic  action  potentials.   Increasing  transmission  in  a 
synaptic  pathway  by  decreasing  postsynaptic  membrane 
permeability  may  be  an  im.portant  mechanism  in  information 
processing  in  the  nervous  system.   Long-term  control  of  such 
postsynaptic  membrane  properties  might  provide  a  cellular 
mechanism  for  the  storage  of  information. 

V.   WHAT  ARE  THE  SYNAPTIC  MECHANISMS  OF  PSYCHOTHERAPEUTIC 
DRUG  ACTION? 

The  cellular  mechanisms  of  action  of  lithium  in  the  nervous 
system  are  of  interest  because  of  its  importance  in  treating 
manic-depressive  psychosis.   Replacing  sodium  in  the  Ringer's 
solution  by  lithium,  we  found  first  that  lithium  produces  a 
hyperpolarization  and  a  decrease  in  the  ionic  conductance  of 
the  membrane,  indicating  that  lithium  ions  are  less  permanent 
than  sodium  ions.   Secondly,  we  found  that  lithium  concentration 
builds  up  intracellularly ,  presumably  because  it  is  not  extruded 
by  the  electrogenic  sodium  pump.   Third,  lithium  inhibits  the 
generation  of  the  slow  IPSP .   The  mechanism  of  this  lithium 
action  has  not  yet  been  elucidated  and  is  currently  the  subject 
of  active  investigation. 

CONCLUSIONS 

The  preceding  summary  indicates  that  fundamental 
neurobiological  investigations,  using  a  multidisciplinary 
approach,  have  defined  synaptic  pathways,  identified  synaptic 
transmitters  and  characterized  postsynaptic  receptors.   This 
basic  inform.ation  has  been  used  to  investigate  the  different 
types  of  membrane  and  molecular  mechanisms  by  which  synapses 
transfer  information  from  one  nerve  cell  to  another.   The 
characterization  of  several  types  of  synaptically  activated 
membrane  permeability  changes  has  led  to  the  elucidation  of  a 
neuronal  mechanism  that  may  function  as  a  cellular  mechanism  for 
information  storage  in  the  nervous  system.   Additionally,  the 
understanding  of  the  cellular  mechanisms  of  synaptic 
transmission  provides  a  locus  for  investigating  the  synaptic 
basis  of  psychotherapeutic  drug  action  in  the  nervous  system.. 
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LABORATORY  OF  PRECLINICAL  PHARMACOLOGY 
Chief:  E.Costa  M.D. 
1976-1977 

I  am  pleased  to  report  that  this  year  the  staff  of  the  Laboratory  of 
Preclinical  PharmacologylRlMH  not  only  successfully  pursued  the  research 
trends  described  in  last  year's  report  but,  in  addition,  has  expanded  into 
new  areas  of  neurochemical  pharmacology  and  has  made  sane  original  and 
significant  contributions  to  these  new  areas. 

With  the  help  of  Dr.  J.  Schwartz,  adequate  facilities  for  tissue 
cultures  of  neuroblastoma  and  gliana  cell  lines  were  developed.  Using 
primary  cultures  of  beef  chranaffin  cells  developed  by  Dr.  Waymire  (Univer- 
sity of  California  at  Irvine),  Drs.  Guidotti  and  Chuang  have  begun  a 
systematic  investigation  of  how  the  nuclear  translocation  of  catalytic 
subunits  of  cAMP  dependent  cytosol  protein  kinase  participates  in  the 
transsynaptic  regulation  of  gene  expression.  In  another  series  of  tissue 
culture  experiments.  Dr.  Schwartz  found  that  gliana  C6  and  neurob las tana ^ 
cells  contain  amounts  of  ner^^'e  growth  factor  which  can  be  measured  by 
radioimmunoassay  and  by  bioassay  using  organ  cultures  of  chick  embryo 
sensory  ganglia.  These  glioma  cells  possess  adenylate  cyclase  which  is 
functionally  linked  with  adrenergic  beta-receptors  and  not  with  prostaglandin 
receptors;  in  contrast,  the  adenylate  cyclase  of  neuroblastoma  cells  is 
activated  by  prostaglandins  but  not  by  beta-adrenergic  receptor  agonists. 
In  each  of  the  two  cell  types ,  the  incranent  in  the  cAMP  content  that 
follows  adenylate  cyclase  activation  causes  within  3  hrs  an  increase  in 
the  content  of  the  protein  that  is  precipitated  by  the  immunoglobulin 
directed  toward  nerve  growth  factor.  Mr,  P.  Delia  Bella  (student  on  leave 
from  the  Univ.  of  Milan,  Italy)  and  Dr.  Schwartz  have  shown  that  this 
increase  in  nerve  growth  factor  content  is  not  due  to  new  protein  synthesis. 
Moreover,  preliminary  evidence  suggests  that  the  peptidase  activity  associated 
with  a  portion  of  the  nerve  growth  factor  molecule  (gamma  chain)  is  activated 
as  a  result  of  the  cAMP  increase.  We  are  investigating  whether  more  nerve 
growth  factor  is  produced  from  a  prohormone  stored  in  glioma  C6  cells.  An 
operant  model  to  interpret  the  physiological  implications  of  thLs  finding 
is:  following  excessive  nerve  activity,  the  excess  transmitter  released 
into  a  synaptic  gap  can  reach  specific  receptors  in  the  outer  membrane  of 
surmounting  glial  cells.   The  increase  in  second  messenger  triggered  by 
the  activation  of  specific  receptors  linked  with  adenylate  cyclase,  activates 
the  peptidase  which,  in  turn,  catalyzes  the  formation  of  more  nerve  growth 
factor.  Secretion  of  this  factor  from  glial  cells  into  the  medium  follows. 
The  nerve  growth  factor  that  reaches  the  extracellular  space  can  be  taken  ip 
by  the  hyperactive  axon  terminals  and  be  antidronically  transported  to  the 
cell  body  of  the  hyperactive  neuron.  Here  the  nerve  growth  factor  assures 
the  production  of  those  proteins  that  are  used  at  rates  faster  than  normal 
when  the  nerve  activity  becomes  excessive. 

During  this  fiscal  year,  our  program  was  enriched  by  a  number  of  contribu- 
tions concerning  new  putative  neurotransmitters  with  polypeptide  structure. 
These  novel  research  trends  were  carried  out  by  Drs.  Hong  and  Fratta  under 
the  guidance  of  Dr.  Yang.  After  obtaining  specific  antibodies  directed 
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toward  leu  and  met -enkephalins,  substance  P  and  neurotensin,  they  identified' 
in  the  CNS  specific  neuronal  pathways  which  store  and  release  these  putative 
neurotransmitters.  This  extra  dimension  added  to  the  potential  of  our  program 
has  given  us  the  capability  of  studying  the  neurochemical  pharmacology  of 
peptidergic  transmission.  The  extensive  distribution  of  these  peptidergic 
neurons  throughout  the  brain  and  spinal  cord  seem.s  to  rival  and,  perhaps,  to 
exceed  that  of  the  better  known  catecholaminergic  neurons.  A  significant 
advance  has  been  the  demonstration  that  cell  bodies  for  enkephalinergic 
neurons  innervating  the  striatum  reside  in  this  structure.  Conversely,  stri- 
atal neurons  that  store  substance  P  innervate  substantia  nigra.  Other  sub- 
stance P  terminals  innervate  the  nucleus  interpeduncular is  and  originate  frcm 
cell  bodies  located  in  the  habenula. 

In  our  program,  the  concept  of  peptidergic  neurotransmission  has  reached 
fruition  as  an  area  of  multidisciplinary  research  since  Dr.  Hong  found  that  in 
rats  chronically  injected  with  certain  antischizophrenic  compounds,  the  stria- 
tal content  of  met-enkephalin  increases  and  that  of  substance  P  in  substantia 
nigra  decreases.  The  emerging  pattern  indicates  that  both  changes  occur  only 
after  chronic  treatment  with  those  antischizophrenic  ccmpounds  that  after 
chronic  treatment  also  elicit  supersensitivity  of  striatal  dopamine  receptors 
in  rats  and  tardive  dyskinesia  in  man. 

Drs.  Gale,  Hong  and  Guidotti  have  shown  that  probably  a  stimulation  of 
substance  P  receptors  in  nigra  is  involved  in  decreasing  the  J&n  of  striatal 
tyrosine  hydroxylase  following  haloperidol.  A  functional  role  of  dopaminergic 
regulation  through  polysynaptic  loops  rather  than  through  autoreceptors  as 
emphasized  in  other  laboratories,  was  elucidated  by  lesion  studies  performed 
by  Drs.  Gale,  Chuang  and  Guidotti.  These  experiments  have  indicated  that 
DA  autoreceptors  are  either  nonexistent  or,  if  they  do  exist,  they  have  a 
secondary  role  in  regulating  dopaminergic  function. 

Another  new  development  was  the  study  at  the  molecular  level  of  the  mode  of 
action  of  cholera  toxin.  Dr.  Chuang  and  Ms  Seaborg  (Student  from  American 
University,  Washington,  D.C.)  have  revealed  that  the  "A"  chain  of  the  toxin 
hydrolyses  nicotine  amide  adenosine  diphosphate;  thereby  the  toxin  becanes 
covalently  bonded  to  diphosphate  ribose. 

Important  advances  also  occurred  in  other  research  programs  initiated  in 
previous  years:  particularly  the  study  of  the  mode  of  action  of  antidepressants 
(Drs.  Robinson  and  Cheney),  antischizophrenics  (Drs.  Mao,  Revuelta,  and  Marco) , 
anxiolytics  (Drs.  Mao,  Revuelta  and  Marco),  opiates  (Dr.  Moroni  and  Cheney) 
and  cannabinoids  (Drs.  Revuelta,  Moroni  and  Cheney),  GABA  (gamma-aminobutyric 
acid)  and  acetylcholine  (ACh)  in  brain  nuclei.   Drs.  Mao  and  Peralta  (a 
Guest  Worker  from  Spain)  have  shown  that  stimulation  of  neostriatum  increases 
the  turnover  rate  of  GABA  in  substantia  nigra  selectively.  Furthemore,  Drs. 
Cheney  and  Moroni  have  sho\^/n  that  intraseptal  injection  of  drugs  can  be  used 
to  study  the  trans -synaptic  regulation  of  the  septal  hippocampal  cholinergic 
system.   In  addition,  Dr.  Moroni  has  found  that  stimulation  of 
the  septum  increases  the  ACh  turnover  of  hippocampus  but  decreases 
that  of  striatum.   Drs.  Mai the-Sorenssen  (  a  Guest  Worker  from 
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Norway) ,  Wood  (guest  worker  fron  Canada)  and  Cheney  have  successfully 
obtained  a  preliminary  brain  map  of  the  functional  links  between  various 
peptidergic  and  cholinergic  neurons  in  a  number  of  brain  structures. 
Finally,  the  high  specificity  of  mass  fragmentography  has  allowed  Drs. 
Commissiong,  Galli  and  Neff  to  identify  a  dopaminergic  pathway  in  rat 
spinal  cord  and  Drs.  Hellstron  and  Hanbauer  (NIHL,  Bethesda,  Md. )  to 
study  how  hypoxia  releases  DA  stored  in  glonus  cells  of  carotid  body. 

Another  methodological  advance  of  great  significance  was  the  development 
of  high  pressure  liquid  chromatography  by  Drs.  Bohan  and  Meek  as  a  method 
to  study  peptidergic  transmission.  When  this  assay  is  combined  with 
radioimmunoassay,  its  specificity  and  sensitivity  is  unparalleled  by  any 
other  existing  method.  The  study  of  brain  serotonin  turnover  rate  in 
brain  nuclei  (Drs.  Marco  and  Meek)  is  revealing  interesting  aspects  of 
serotonergic  function  which  indicate  possible  important  deviations  in  the 
serotonergic  neurons  of  the  cortex  and  septum  from  the  classical  model 
which  was  formulated  when  the  turnover  of  serotonin  was  measured  in  the 
whole  brain. 


SECTION  ON  MOLECULAR  NEUROBIOLOGY  (ACTING  CHIEF:  E.  COSTA,  M.D.) 

Nuclear  Translocation  of  Protein  Kinase 

Previous  work  by  Dr.  Guidotti  and  his  collaborators  had  shown  that  the 
increase  in  the  synthesis  rate  of  medullary  tyrosine  hydroxylase  elicited 
transsynaptically  was  mediated  by  an  increase  in  phosphorylation  of  acidic 
nuclear  protein  caused  by  the  translocation  of  the  catalytic  subunits  of 
cAMP- dependent  type  I  protein  kinase  (PK) .  Drs.  Chuang  and  Hollenbeck 
have  studied  in  detail  the  protein  phosphorylation  in  purified  nuclei  of 
chronaffin  cells  purified  fron  beef  adrenal.  They  found  that  these  nuclei 
contain  three  types  of  PK.  All  three  enzymes  are  cAMP  independent  but  they 
can  be  differentiated  with  regard  to  their  sedimentation  coefficient,  elution 
characteristics  frcm  DEAE  cellulose  column  and  substrate  specificity.  When 
the  three  enzymes  were  tested  using  various  histone  mixtures  and  casein  as 
a  PO."-^  acceptor  two  enzymes  preferentially  catalyzed  casein  phosphorylation 
the  other  one  preferred  histone.  None  of  the  three  enzymes  were  inhibited  by 
the  specific  inhibitor  of  cAMP  dependent  PK  or  by  the  addition  of  regulatory 
subunits  of  cAMP  dependent  PK.  When  medullary  cell  chromatin  was  transcribed 
with  homologous  RNA  polymerase  II,  the  phosphorylation  of  chromatin  protein 
curtailed  the  endogenous  template  restriction.  Since  chromatin  phosphoryla- 
tion appeared  to  regulate  transcription,  Drs.  Chuang  and  Hollenbeck  decided 
to  build  a  model  to  study  whether  and  how  catalytic  subunits  of  cAMP  dependent 
PK  were  transferred  into  a  medullary  nuclei  incubated  with  homologous  PK.  It 
was  found  that  the  catalytic  subunits  of  the  enzyme  were  transferred  to  the 
nuclei  where  they  were  tightly  bound  to  the  chromatin.  The  newly  taken  up 
enzyme  did  not  require  cAMP  and  could  be  inhibited  by  recombination  with  regu- 
latory subunits  of  PK.  After  enzyme  reconbination  experiments,  the  acti- 
vity of  the  newly  taken  up  enzyme  could  be  expressed  only  in  the  presence  of 
7/^M  cAMP.  Since  the  endogenous  protein  which  specifically  inhibits  cAMP 
dependent  PK  failed  to  inhibit  the  activity  of  the  newly  taken  up  enzyme,  Drs. 
Chuang  and  Hollenbeck  have  inferred  that  the  site  in  which  catalytic  subunits 
of  PK  bind  with  chromatin  may  be  important  for  the  PK  inhibition  by  the 
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endogenous  inliibitor.  The  model  they  ha^/e  proposed  suggests  that  transmitters 

by  causing  a  long  term  activation  o£  adenylate  cyclase  can  cause  a  long 

lasting  dissociation  o£  cAMP  dependent  PK  in  cytosol;  this  dissociation  is       f- 

an  essential  precondition  for  nuclear  translocation  of  cytosol  PK.  The 

free  catalytic  subunits  thus  produced  can  be  taken  up  by  nuclei  where  by 

an  unknowi  mechanism  they  localize  in  specific  nuclear  sites  where  by 

controlling  phosphorylation  of  protein  closely  associated  with  chrcsnatin, 

change  the  rate  of  RNA  transcription. 
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Carotid  Body  Regulation 

Drs.  Hellstrom  and  Hanbauer  have  shown  that  the  decrease  in  dopamine 
content  that  ocaars  in  carotid  body  of  rats  kept  in  hypoxic  conditions  is 
due  to  a  release  of  the  amine  from  their  storage  in  glomus  cells.  Moreover, 
they  have  shown  that  the  DA  release  is  a  specific  response  of  glomus  cells 
to  hypoxia  because  it  occurs  also  in  the  denervated  carotid  body  (ganglio- 
nectomy  and  carotid  nerve  denervation) . 

Molecular  Mechanisms  of  Dopamine  Receptor  Supersensitivity 

Elicited  by  Antischizophrenic  Drugs 

y^s,   Uzunov  and  Gnegy  have  shown  that  an  endogenous  protein  which  binds 
Ca   and  activates  cyclic  nucleotide  phosphodiesterase  or  facilitates 
adenylate  cvxlase  stimulation  by  DA  is  stored  in  postsynaptic  membranes. 
This  protein  can  be  released  from  this  binding  site  by  raanbrane  phosphorylation 
with  cAMP  dependent  PK.  Neither  the  protein  activator  nor  the  adenylate 
cyclase  stored  in  the  membrane  act  as  PO.' acceptors.  When  the  activator        / 
protein  is  released  from  synaptic  membranes  of  rat  striatum  by  phosphorylation, 
the  adenylate  cyclase  can  no  longer  be  stimi^lated  by  DA.  Thus,  Drs. 
Uzunov  and  Gnegy  have  inferred  that  the  Ca   binding  activator  functions 
in  the  transsynaptic  regulation  of  the  second  messenger  response  by 
regulating  the  adenylate  cyclase  associated  with  postsynaptic  DA  receptors 
and  by  lowering  the  ¥m   of  the  phosphodiesterase.  This  inference  was 
upheld  by  experiments  perfoniied  with  chronic  treatment  with  DA  receptor 
blockers  endowed  with  antischizophrenic  action.  The  antischizophrenic 
compounds  can  be  classified  as  cataleptogenic  and  noncataleptogenic .  In 
animals ,  the  cataleptogenic  ant i schizophrenics  cause  a  high  incidence  of 
extrapyramidal  side  effects  and  on  prolonged  treatment  elicit  DA  receptor 
supersensitivity;  in  man  they  also  cause  extrapyramidal  side  effects  which 
are  short  lasting  but  with  chronic  treatment  often  cause  tardive  dyskinesia. 
Haloperidol  and  d-butaclamol  are  cataleptogenic  and  cause  tardive  dyskinesia; 
clozapine  is  a  noncataleptogenic  antischizophrenic  and  fails  to  cause  DA 
supersensitivity  and  tardive  dyskinesia;  1-butaclamol  is  an  inactive 
enanticmer.  Other  authors  have  previously  reported  that  those  antischizophren- 
ic  compounds  that  elicit  in  man  a  high  incidence  of  extrapyramidal  side         ^ 
effects  also  cause  tardive  dyskinesia  and  in  rats  cause  a  supersensitivity 
to  injected  apcmorphine.  Drs.  Gnegy  and  Gallorini  (Guest  Worker  from  the' 
University  of  Pavia,  Italy)  could  show  that  this  supersensitivity  to  the 
behavioral  action  of  apcmoi-phine  is  associated  to  a  supersensitivity  of 
adenylate  cyclase  to  DA  stjipulation  and  to  an  increase  in  the  striatal 
membrane  content  of  the  Ca   dependent  endogenous  activator.  These  experi- 
ments have  revealed  for  the  first  time  a  biochemical  correlate  of  postsynaptic 
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receptor  supersensitivity  in  animals.  It  is  o|  great  interest  to  study 
whether  an  increase  in  striatal  content  o£  Ca   binding  activator  is  a 
biochemical  marker  for  tardive  dyskinesia  in  man.  Moreover,  it  is  important 
to  note  that  clozapine,  a  dopamine  receptor  blocker  which  may  be  noncata- 
leptogenic  because  of  antimuscarinic  properties  can  prevent  the  DA^supersen- 
sitivity  and  the  accumulation  in  postsynaptic  membranes  of  the  Ca   binding 
protein  activator.  This  finding  invites  speculation  as  to  the  role  of 
muscarinic  receptors  in  striatum:  perhaps,  their  activation  causes  an 
increase  in  the  activity  of  cells  innervated  by  DA  terminals,  when  this 
activity  is  curtailed  by  blockade  of  muscarinic  receptors,  also  the  super- 
sensitivity to  DA  fails  to  occur. 

Brain  Angiotensin  Converting  Enzyme  and  Neuropathology 

Dr.  Yang  and  Mrs,  Majane  investigated  the  brain  content  of  angiotensin 
converting  enzyme  in  brain  parts.  This  enzyme  is  present  in  substantia 
nigra  and  caudate,  the  highest  concentration  is  in  the  cerebellum.  Probably, 
in  substantia  nigra  the  neurons  that  contain  converting  enzymes  are  in 
part  intrinsic  to  this  tissue,  in  part,  project  to  the  caudate.  This 
enzyme  and  the  Substance  P  content  of  nigra  isolated  fron  Huntington 
Chorea  brain  was  studied  and  found  to  be  very  low.  Hence,  in  agreement 
with  other  reports,  Huntington  chorea  cannot  be  viewed  as  an  idiopathic 
deficiency  of  the  GABAergic  system. 

Antischizophrenic  Drugs  and  Peptidergic  Transmission 

In  the  striatum,  drug  induced  supersensitivity  of  postsynaptic 
DA  receptors  appears  also  to  be  associated  with  changes  in 
intrinsic  peptidergic  transmission.   Drs.  Hong  and  Yang  have 
shown  that  after  chronic  haloperidol  there  is  a  decrease  in 
substance  P  content  of  substantia  nigra  and  a  marked  increase  in  metenkephalin 
content  of  striatum.  These  authors  had  previously  shown  that  among  the 
efferent  projections  frcm  nucleus  caudatus  to  substantia  nigra  there  is  an 
important  peptidergic  pathway  which  releases  substance  P.  Hence,  the 
finding  that  Substance  P  content  of  nigra  but  not  that  of  other  brain 
structures  is  decreased  after  chronic  haloperidol  but  not  after  chronic 
clozapine  was  interpreted  to  indicate  a  direct  participation  of  Substance 
P  neurons  m  the  action  of  cataleptogenic  antipsychotics.  Drs.  Hong  and 
Yang  have  also  shown  that  practically  all  of  the  metenkephalin  stored  in 
striatum  is  present  in  intrinsic  striatal  neurons.   Chronic  haloperidol 
increases  enkephalin  in  striatum  but  not  in  hypothalamus.  Thus,  this 
increase  in  metenkephalin  may  be  a  reflection  of  transsynaptic  activation 
of  intrinsic  enkephalinergic  neurons.  To  confirm  this  suspicion  they  are 
presently  investigating  whether  specific  striatal  peptidases  are  inhibited 
or  activated  following  chronic  haloperidol.   In  fact,  Drs.  Yang,  Hong  and 
Meek  had  shown  that  the  first  step  in  the  degradation  of  metenkephalin  is 
the  cleavage  of  tyrosine  presumably  by  an  action  of  an  aminopeptidase. 
Moreover,  it  is  possible  that  metenkephalin  is  synthesized  via  a  cleavage 
of  the  pentapeptide  from  a  prohormone  which  could  be  a  fragment  of  beta- 
lipo tropin. 
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^torphine  Dependence  and  Regulation  of  Metenkephalin 

Reports  from  other  laboratories  had  shoM'n   that  foot  shock  or  morphine 
dependence  increased  metenkephalin  content  of  brain  suggesting  that  this 
endogenous  opioid  during  narcotic  dependence  may  be  regulated  through  a 
change  in  the  steady  state.  When  these  experiments  were  repeated  by  Drs. 
Fratta,  Hong  and  Yang,  the  metenkephalin  content  failed  to  increase.  This 
was  not  surprising  because  the  v/ork  done  in  other  laboratories  was  performed 
without  instantaneous  inactivation  of  brain  enzymes  by  microwaves  and  with 
a  low  yield  extraction  procedure.  In  fact,  the  metenkephalin  content  reported 
by  Drs'.  Hong,  Yang  and  Fratta  is  about  100-fold  higher  than  that  previously 
reported  by  other  workers  who  did  not  use  microwaves.  The  highest  content 
of  metenkephalin  was  found  in  globus  pallidus  (70  rmoles/mg  protein)  followed 
by  caudate,  N.  accumbens  and  central  gray;  the  lowest  content  of  metenkephalin 
was  in  telencephalic  whate  matter ,  hippocampus  and  medial  thalamic  nuclei. 

Regulation  of  Neuronal  Trophism  By  Glial  Cells:  Activation  of  Nerve 
Growth  Production  by  StijDulation  of  Neurotransmitter  Receptors  in  Glial  Cells 

The  existence  of  neuronal  glial  interactions  is  an  axiom  of  neurochemistry 
However,  the  trophic  aspects  of  such  interactions  have  never  been  characte- 
rized with  any  detail.  Reports  from  other  laboratories  have  indicated  that 
glial  cells  contain  receptor  mechanisms  for  various  transmitters,  including 
beta-adrenergic  receptors.  Dr.  Schwartz  showed  that  a  culture  of  glial 
cells  (glicsna  C6)  which  possesses  receptors  for  catecholamines  also  contains 
measurable  amounts  of  nerve  growth  factor.  -This  protein  increases  in  the 
cells  and  in  the  growth  media  following  stimulation  of  the  beta  receptors. 
Dr.  Schwartz  showed  that  this  increase  is  not  associated  with  an  increase 
in  total  protein  content  and  depends  on  an  increase  in  the  cAMP  content. 
Since  the  increase  in  nerve  growth  factor  does  not  require  intact  RNA 
transcription  and  translation  and  does  not  include  newly  synthesized 
polypeptides,  we  have  thought  that  also  nerve  growth  factor  is  stored  as  a 
prehormone  and  converted  into  the  active  molecule  enzymatically.  Existing 
evidence  appears  to  indicate  that  the  gamma  chain  of  the  nerve  growth 
factor  molecule  is  endowed  with  aminopeptidase  activity.  Dr.  Schwartz  has 
seen  that  this  activity  may  be  enhanced  when  the  cellular  content  of  cAMP 
is  enhanced,  she  is  presently  investigating  whether  phosphorylation  mediates 
this  peptidase  activation. 

GROUP  ON  HIGH  PRESSURE  LIQUID  CHRCMATOGRAPHY  (Head:  J.  Meek,  Ph.D.) 

The  goal  of  this  group  is  to  develop  and  use  sijnple  specific  and  sensitive 
methods  to  study  transmitter  function.  This  year  the  activity  of  thi.s 
group  was  focussed  toward  the  study  of  the  action  of  antidepressants  on 
serotonin  turnover  rate  in  brain  nuclei  and  on  the  development  of  specific 
methods  to  measure  biosynthesis  of  endogenous  ligands  for  opioid  receptors. 

The  work  of  Drs.  Marco  and  Meek  on  the  chlorimipramine  and  nanifensine 
induced  changes  in  5HT  turnover  may  do  much  to  clarify  how  antidepressants 
act  and  also  has  raised  interesting  possibilities  concerning  the  organization 
of  serotonergic  neurons  in  septum  and  hippocampus. 
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Drs.  Bohan  and  Meek  have  introduced  the  use  of  high  pressure  liquid 
'       chronatography  for  positive  identification  of  endogenous  enkephalin  in 

intestinal  and  brain  extracts,  and  for  positive  identification  of  enkephalin 
formation  after  incubation  of  tissue  with  radiolabelled  amino  acids.  Their 
work  with  enkephalin  in  the  intestine  should  be  very  helpful  in  unraveling 
the  mechanisms  cf  enkephalin  synthesis  and  release. 

SHCTION  ON  MOLECULAR  PHARMACOD\"NAiMICS  (Chief:  D.L.  Cheney;  Ph.D.) 

}  Using  mass  fragrnentography,  steady-state  labeling  with  precursors  contain- 

ing stable  isotopes  of  C  and  H  and  stereomicroscopic  dissection  of  brain 
nuclei  following  microwave  fixation  of  the  brain,  the  turnover  rates  of 
ACh  (TR,p-  )  and  GABA  (TR.,.^)  have  been  measured.  These  techniques  have 
been  developed  in  this  section  during  the  last  feiv  years.  This  year,  Dr. 
Cheney  and  colleaques  have  studied  how  antischizophrenics,  narcotic  analgesics, 
ar^xiolytics ,  antidepressants  and  cannabinoias  modify  the  dynamics  of 
several  cholinergic  and  (^lABAergic  pathways  in  rat  brain.  A  cPiange  in  the 
TRp,.g.  and  TR,^  can  be  used  as  an  index  of  the  changes  in  transmitter 
utxTization  elicited  by  various  drugs.  Since  tliese  diiags  do  not  elicit 
generalized  changes  of  TR.p  and  TR^.-n.  tlae  view  has  been  entertained  that 
the  changes  in  transmittCx  metabolism  derive  fi"cm  specific  alterations  in 
neuronal  activity.  Since  this  method  specifically  studies  those  pathways 
which  are  involved  in  the  action  of  drugs  used  in  psychiatr>%  the  measurement 
of  TR.p,  and  TRp.p..  has  becane  a  method  to  assess  modifications  of  the 
postsynaptic  receptor  activities  caused  by  the  drugs.  The  drug  induced 
modifications  of  TR„^,  and  TR^.p.  are  now  being  tested  by  electrical 
:3ti!fiuiation  of  the  VSrioas  brain  nuclei.  Tlie  necessary  evidence  to  relate 
tne  changes  ±a   GABA  or  ACh  turnover  to  trans -synaptic  modulation  of  specific 
afferents  is  being  documented  also  by  local  injections  of  specific  receptor 
agonists  and  antagorasts. 

Opiates  and  Septal  Hippocampal  Cholinergic  Mechanisms 

Dr.  Moroni  has  compared  the  changes  in  TR.p.  in  brain  structures  of 
i.ats  injected  intraventricular ly  with  morphine  and  the  opioid  peptide, 
beta- endorphin.  The  TR.^  in  cortex,  N.  accumbens,  globus  pallidus  and 
hippocampus  is  decreasea  oy  both  compounds ,  and  this  decrease  is  reversed 
by  naltrexone.  The  observation  that  the  TR,^,  in  the  hippocampvis  is 
inliibited  by  d5%  and  the  analgesia  is  elici'&ea  after  intraventricuxai 
ajses  of  beta -endorphin  which  were  100-fold  less  than  those  of  morphine 
suggesting  that  specific  receptors  were  modulating  cholinergic  axon  terminals 
in  hippocampus .  Since  the  hippocampus  contains  the  terminals  of  cholinergic 
neurons  originating  in  septum,  Dr.  Moroni  has  further  investigated  the  septal 
hippocampal  pathways.  He  has  found  that  intraseptal  injections  of  morphine 
)      uiio.   beta- endorphin  are  not  able  to  induce  analgesia  or  catalepsy,  biit  decrease 
the  TR.p,  in  the  hippocampus.  Further,  intraseptal  injections  of  naltrexone 
curtaiTs  the  decrease  of  hippocampal  TR.^,  caused  by  intraperitoneal  morphine. 
These  experiments  demonstrate  that  the  septum  contains  opioid  receptors  associ- 
ated with  the  regulation  of  cholinergic  cell  body  or  dendrite  excitability 
which  probably  are  modulated  by  endogenous  opioid  ligands.  These  receptors 
are  located  either  in  the  cell  bodies  of  cholinergic  neurons  or  in  the  axon 
of  affemet  neurons  which  excite  the  cholinergic  neurons.  Since  the  opioid 
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inhibition  o£  hippocampal  cholinergic  system  can  be  dissociated  fran 
analgesia,  the  possibility  should  be  considered  that  endogenous  opioid 
ligands  function  in  brain  also  independently  from  pain  control  mechanisms. 

Peptidergic  Mechanisms  and  TR.p,  in  Various  Brain  Structures 

In  this  and  other  laboratories,  other  neuronal  peptides  have  been  shown 
to  have  nonuniform  distribution  throughout  the  brain  and  to  be  present  in 
nerve  terminals  suggesting  a  possible  role  in  neuronal  transmission.  Drs, 
Malthe-Sorenssen  and  Wood  have  shown  several  of  these  peptides  to  specifically 
modulate  the  metabolism  of  ACh  in  neurons  of  several  brain  nuclei.  These 
modifications  may  be  indicative  of  the  presence  of  peptide  receptors  in 
the  outer  membrane  of  cholinergic  dendrites,  cell  bodies  or  axons.  Physio 
logically  these  peptides  are  released  from  neurons  afferent  to  cholinergic 
neurons;  the  peptides  by  activating  receptors  on  cholinergic  neurons 
modulate  behavioral  and  physiological  parameters.  Dr.  Malthe-Sorenssen 
has  shown  that  Substance  P  decreases  the  TR.^,  in  hippocampus  and  septum 
while  somatostatin,  neurotensin  and  TRH  enhances  the  TR.pv  in  some  brain 
areas  although  the  pattern  of  increase  differs  for  the  various  pituitary 
neurohormones.  Angiotensin  II  decreases  the  level  of  ACh  in  the  cortex 
but  does  not  alter  the  TR.^,  .  Such  experiments  are  now  being  interpreted 
after  obtaining  EEC  recording  to  exclude  paroxysmal  neuronal  activit) . 
They  suggest  the  presence  of  specific  receptor  sites  for  peptides  in 
different  parts  of  the  brain  which  play  an  important  role  in  the  regulation 
of  cholinergic  neurons. 

Antidepressants  and  TR.^^, 

Dr.  Robinson  has  shown  that  antidepressant  drugs  as  a  group  do  not 
elicit  any  consistent  pattern  of  changes  on  either  the  ACh  levels  or  the 
TR.p,  .  This  is  in  line  with  the  present  belief  that  certain  transmitter 
mecrianisms  are  altered  by  some  antidepressant  but  not  by  others.  Desipramine 
and  chlorimipramine  decrease  the  TR.^^,  in  striatum  and  hippocampus  but 
these  values  return  to  normal  after  cilronic  treatment.  Iprindol  and 
nomifensine  increase  the  TR.^  in  hippocampus.  Nomifensine  also  increases 
the  TR.p,  in  cortex  and  dieftcephalon.  The  action  of  nomifensine  parallels 
that  of  amphetamine  but  not  that  of  apcmorphine.  Dr.  Robinson  has  injected 
phenoxybenzamine  locally  into  the  septum  and  has  found  that  it  blocks  the 
increase  in  TR.p,  in  cortex  and  hippocampus  elicited  by  parenteral  nomifensine 
or  amphetamine.  ^Tiese  experiments  suggest  that  the  increase  in  TR,~,  in 
hippocampus  after  the  administration  of  nomifensine  is  mediated  by'^tne 
action  of  this  drug  on  noradrenergic  receptors  which  interact  with  the 
cholinergic  neurons.  Thus,  Dr.  Robinson's  work  excludes  a  direct  action  of 
the  antidepressants  on  brain  cholinergic  systems. 

Antischizophrenics  and  TR.^, 

Contrary  to  the  antidepressants,  the  antischizophrenic  drugs  endowed 
with  cataleptic  activity  are  a  unique  class  of  ccmpounds  in  their  action 
on  TR.p,  in  striatum  and  N.  accumbens.   Independently,  from  their  chemical 
structure,  they  all  increase  the  TR.^  of  striatum  and  N.  accumbens.  Ho\\f- 
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^      ever,  noncataleptogenic  antipsychotics  endowed  with  anticholinergic  actii'ity 
fail  to  increase  the  TR.^^  in  striatum  and  N.  accumbens.  These  results 
suggest  that  cholinergic  neurons  o£  striatum  and  N.  accumbens  are  regulated 
in  opposite  ways  by  muscarinic  and  DA  receptors:  the  former  increase  ACh 
metabolism,  the  latter  inhibit  it.  On  chronic  administration,  cataleptogenic 
antipsychotics  fail  to  change  striatal  and  N.  accumbens  TR,„,  .  Thus,  the 
change  in  TR.p,  does  not  appear  to  mediate  the  therapeutic  action  but 
could  be  inA/olved  in  those  side  effects  which  like  the  increased  muscle 
)  tone  exhibit  tolerance. 

Cannabinoids  and  TR.^, 
ACh 

Seme  interesting  preliminary  experiments  have  been  performed  by  Dr. 
Revuelta  and  Moroni  on  the  effects  of  Delta-9-THC  on  the  TR.^^  in  various 
rat  brain  areas.  She  has  found  that  delta-9-THC  decreases  The  TR.^,  in 
hippocampus  and  striatum  but  not  in  cortex  or  diencephalon,.  The  ao§e  that 
can  still  decrease  hippocampal  turnover  is  lower  than  0.5  mg/kg. 

Anxiolytics  and  TR.„,  and  TR^.^, 


Diazepam  and  muscimol  decrease  the  TR.p,  in  cortex  and  diencephalon 
without  altering  the  TR.^  in  hippocampus  and  striatum.  Drs.  Mao,  Marco 
and  Revuelta  have  shown  tnat  muscimol  and  diazepam  inhibit  the  TR„.j,.  in 
nigra  but  not  in  striatum.  Indirectly,  these  experiments  suggest^nat 
diazepam  may  act  through  a  GABAergic  mechanism.  This  possibility  is 
anphasized  by  the  results  obtained  by  Drs.  Mao  and  Peralta  showing  that 
caudate  stimulation  increases  the  turnover  rate  of  GAEA  in  substantia 
nigra. 

Antischizophrenics  and  TR^.^a 
LjAdA 

Drs.  Mao  and  Peralta  have  demonstrated  that  antipsychotics  whether 
given  in  a  single  dose  or  in  repeated  injections  enhance  GABA  turnover 
rate  in  N.  accumbens.  Yet  only  noncataleptogenic  antischizophrenics 
increased  the  GABA  turnover  significantly  in  substantia  nigra  and  N. 
caudatus.  These  results  suggest  that  GABAergic  neurons  in  N.  accumbens 
may  play  a  role  in  the  therapeutic  action  of  antischizophrenics  that  block 
DA  receptors.  Moreover,  the  action  of  noncataleptogenic  antischizophrenics 
on  TR^AgA  in  substantia  nigra  suggests  that  the  noncataleptogenic  antischizo- 
phrenics fail  to  cause  extrapyramidal  side  effects  because  they  indirectly 
block  the  input  of  GABA  to  substantia  nigra.  Nucleus  accumbens  perhaps 
contains  DA  terminals  which  innervate  GABA  neurons,  and  these  synapses  do 
not  develop  the  phenomenom  of  tolerance  discussed  above  for  DA  receptors 
on  ACh  cells  of  N.  accumbens  and  striatum.  The  reason  for  such  resistance 
is  not  clear  at  this  time. 

SECTION  ON  BIOCHEMICAL  PHARMACOLOGY  (CHIEF:  N.  H.  Neff,  Ph.D.) 

The  research  of  this  section  in  general  is  directed  towards  understanding 
the  biochemical  events  that  preceded  and  followed  the  activation  of  biogenic 
amine  containing  neurons,  i.e.,  serotonin,  norepinephrine  and  DA.  During 
the  past  fiscal  period,  we  made  significant  strides  toward  our  goal. 
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Dopamine  Pathway  in  Spinal  Cord 

Of  prime  importance  was  the  observations  o£  Drs.  Canmissiong  and  Galli 
that  dopaminergic  neurons  exist  in  the  spinal  cord.  These  neurons  respond 
to  neuroleptic  drugs  similar  to  the  dopaminergic  neurons  of  brain.  The 
presence  of  these  neurons  in  the  spinal  cord  will  undoubtedly  change  the 
current  view  that  side  effects  and  toxic  effects  of  neuroleptics  originate 
solely  in  the  brain.  The  physiological  importance  of  this  new  system  is 
currently  being  studied  by  Dr.  Commissiong. 

T>T"osine  Hydroxylase  Regulation  in  Retina 

Work  from  this  laboratory  has  shown  that  neuronal  activation  of  dopa- 
minergic neurons  is  associated  with  activation  of  tyrosine  hydroxylase. 
Enzyme  activation  is  manifested  as  an  increase  of  the  affinity  of  the 
enzyme  for  a  pteridine  cofactor.  This  hypothesis,  however,  has  never  been 
assessed  directly  in  vivo  because  of  the  lack  of  a  responsive  physiological 
system.  Dr.  luvone  has  discovered  that  retinal  tyrosine  hydroxylase  is 
activated  by  light.  In  concert  with  the  activation  of  the  enzyme  is 
increased  dopamine  formation.  These  studies  are  leading  to  a  better 
understanding  of  t>T:osine  hydroxylase  and  its  role  in  neuronal  events. 

Action  of  Cholera  Toxin  on  Brain  Serotonergic 
Mechanisms 


Adenylate  cyclase  activation  by  cholera  toxin  can  be  used  to  biochemi- 
cally activate  dopamine  containing  neurons.  Dr.  Neckers  (Lab.  Clinical 
Psychopharmacology,  NIMH)  has  shown  that  the  toxin  can  be  used  to  activate 
serotonin  systems  of  brain  for  several  days  if  it  is  injected  into  the 
raphe  nuclei.  Activation  is  observed  as  an  increase  in  the  rate  of  formation 
and  disposal  of  serotonin  and  5-hydroxyindoleacetic  acid.  Moreover,  he  has 
shown  that  activation  can  proceed  in  an  apparent  retrograde  manner,  that 
is,  injection  of  toxin  into  the  caudate  nucleus  results  in  activation  of 
the  dorsal  raphes  nucleus  and  not  in  the  medial  raphes  nucleus,  which  does 
not  project  to  the  caudate.  In  addition,  he  has  observed  that  long  term 
activation  of  adenylate  cyclase  need  not  occur  for  activation  of  serotonergic 
neurons . 

Dr.  Chuang  and  Ms  Seaborg  have  investigated  the  biochemical  events  that 
may  provide  the  basis  for  activating  adenylate  cyclase  by  choleratoxin . 
They  found  that  the  A  unit  of  toxin  possesses  nicotinamide  adenosine 
diphosphate  hydrolyzing  activitv  and  during  the  process  of  hydrolysis  the 
A  unit  of  the  toxin  becomes  convalently  bonded  to  adenosine  diphosphate 
ribose.  With  other  toxins,  ribosylation  of  an  endogenous  protein  is 
thought  to  be  responsible  for  their  biological  activity.  Studies  are 
currently  underway  to  see  if  ribosylated  A  unit  is  the  substance  responsible 
for  activation  of  adenylate  cyclase  by  cholera  toxin. 

Mass  Fragmentographic  Assay  of  Tyrosine  Biosynthesis 
Individuals  who  are  heterozygotic  for  phenylketonuria  are  not  easily 
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detected  by  the  usual  clinical  procedures.  Dr.  Galli  and  Dr,  Ccnunissiong 
have  been  successful  in  developing  a  mass  fragmentographic  method  for 
analyzing  phenylalanine  and  tyrosine.  With  these  procedures  they  have 
provided  a  method  for  evaluating  the  in  vivo  hydroxylation  of  phenylalanine 
■which  utilizes,  O2  for  detecting  phenylalanine  hydroxylase  activity.  Sub- 
jects creathe  -^^02  "'^ich  is  incorporated  into  tyrosine  by  phenylalanine 
hydroxylase.  Individuals  deficient  m  this  enz>Trie  forai  less   O-fyTosine, 
This  is  a  simple  test  that  should  be  of  significant  value  for  identifying 
heterozygotes  for  phenylketonuria. 

SI?  Cells  and  Sympathetic  Ganglion  Function 

S>TTipathetic  ganglia  of  rat  have  small  intensely  fluorescent  cells  rsiF 
cells)  that  contain  DA  which  is  thought  to  modulate  the  transfer  of  information 
frcpi  preganglionic  cholinergic  neurons  to  postganglionic  sympathetic 
neurons.  Dr.  Luthold  (Guest  worker  from  Switzerland)  is  studying  the 
biochemical  pharmacolog}'  of  DA  in  the  superior,  middle -inferior  and  celiac 
ganglia.  He  found  that  dopamine  synthesis  is  enhanced  by  stimulation  of 
muscarinic  receptors  and  inhibited  by  stimulation  of  nicotinic  receptors. 
Moreover,  the  celiac  ganglion  is  the  most  responsive  ganglion  studied  to 
activation  by  carbachol.  These  studies  are  leading  to  a  better  understanding 
of  the  basis  for  dopamine's  ability  to  modulate  synaptic  events. 

Monoamine  Oxidase  Inhibition 

Mcnoamine  oxidase  '^M.^.O)  inactivates  the  >>iogenic  amines  and,  therefore, 
:.r  an  important  enzyme  for  controlling  the  concentration  of  these  amines 
in  neuronal  tissues.  M^O  inhibitor  drugs  are  used  clinically  as  antide- 
pressant and  antihypertensive  agents.  We  have  studied  the  properties  of 
cardiovascular  and  brain  enzymes  in  an  attempt  to  understand  their  physio- 
logical roles.  We  found  that  cardiovascular  tissue  amine  oxidases  are  quite 
different  fron  those  of  brain.  Pargyline,  an  MAO  inhibitor,  was  not  capable 
of  inhibiting  all  the  enzyme  activity  in  cardiovascular  tissue  but  it  was 
capable  of  inhibiting  the  enzymes  of  brain.  Moreover,  the  types  of  enzymes 
associated  with  cardiovascular  tissue  were  different  from  those  of  brain.  A 
better  understanding  of  the  MAO  enzumes  could  lead  to  more  effective  drugs 
for  the  treatment  of  depression  and  hypertension. 

SECTION  ON  NEUROENDOCRINOLOGY  (CHIEF:  A.  Guidotti,  M.D.) 

The  goal  of  the  section  is  to  study  the  transs>Tiaptic  regulation  of 
second  messenger  responses  in  various  systems  and  the  role  of  the  second 
mesoenger  responses  for  short  and  long  term  enzyme  adaptations.  Special 
emphasis  was  given  to  interactions  among  various  transmitters  in  the 
-j^i-iation  of  hypothalamus,  adrenal  medulla,  pituitary,  and  pineal. 

Role  of  GABA  and.  DA  Receptors  in  the  Feedback  Regulation  of 
Striatal  Tyrosine  Hydroxylase 

Support  for  the  involvement  of  DA  in  the  etiology  of  mental  disorders 
comes  fron  the  finding  that  drugs  that  block  DA  receptors  cause  a  symptomatic 
relief  of  schizophrenia.  All  antischizophrenic  drugs  increase  the  firing 
rate  of  the  DA  neurons,  accelerate  the  rate  of  formation  of  DA  and  produce 
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an  allosteric  activation  of  tyrosine  hydroxylase  in  these  structures. 
Since  these  drugs  act  on  tyrosine  hydroxylase  in  vivo  but  not  in  vitro, 
their  action  is  indirect.  Dr.  Gale  investigated  by  which  receptor  mechanisms 
antipsychotic  drugs  the  kinetic  properties  o£  tyrosine  hydroxylase  activate 
in  the  nigrostriatal  system.  She  and  Dr.  Toffano  (Guest  worker  frcm  the 
University  o£  Padova,  Italy)  found  that  discrete  lesions  of  neuronal 
pathways  descending  frcm  striatum  to  substantia  nigra  (SN)  abolish  the 
ability  of  antischizophrenics  to  cause  activation  of  striatal  TH.  These 
lesions  resulted  in  a  60-90°o  decrease  in  GABA  and  substance  P  content  in 
SN  without  damaging  DA  containing  neurons.  Injection  of  GABA  mimetic 
compounds  such  as  muscimol  or  diazepam,  either  systemically  or  directly 
into  SN,  blocked  the  antischizophrenic  induced  activation  of  striatal  IH. 
On.  the  other  hand,  systemic  administration  of  GABA  antagonists,  such  as 
picrotoxin  or  isoniazid,  potentiated  the  action  of  haloperidol.  The  data 
suggest  that  GABA  receptors  and  possibly  also  substance  P  receptors  in  SN, 
play  a  role  in  the  mediation  of  the  effect  of  antipsychotic  drugs  on  the 
activity  of  nigrostriatal  DA  neurons. 

Involvement  of  GABA  receptors  in  the  action  of  minor  tranquilizers 

The  mechanism  of  action  of  benzodiazepines  has  long  been  unknown.  Pre- 
vious work  had  suggested  that  benzodiazepines  may  exert  their  action  via 
the  GABA  system.  Drs.  Biggio,  Naik  and  Grandison  have  found  that  muscimol 
and  nipecotic  acid  delayed  the  onset  of  convulsions  induced  by  isoniazid 
in  doses  that  did  not  protect  the  animals  from  strychnine  convulsions. 
Moreover,  diazepam  and  muscimol  selectively  protect  the  increase  of  cerebellar 
cGMP  or  pituitary  cAMP  induced  by  isoniazid,  picrotoxin  and  are  virtually 
inactive  in  antagonizing  harmaline  and  reserpine.  Since  GABA  receptor 
activation  regulates  the  second  messenger  response  of  cerebellum,  h>'pothalamus 
and  pituitary  in  a  fashion  v^ry  similar  to  the  effects  of  diazepam,  it  w^s 
inferred  th^'t  some  of  the  pharmacologic h1  action  of  the  benzodiazepines 
may  be  mediated  by  an  effect  on   GABA  receptor  function.  In  line  with 
these  results.  Dr.  Gale  has  shown  that  in  the  nigro  striatal  system,  the 
benzodiazepines,  like  other  GABA  receptor  agonists,  block  the  activation 
of  DA  neurons  induced  by  the  antipsychotics. 

Opiate  Receptors  and  the  Regulation  of  Dopaminergic  Function 

Drs.  Biggio  and  Gale  have  shown  that  analgesic  doses  of  morphine  and 
viminol  R^  increase  striatal  dopamine  turnover  rate.  This  increase  of  DA 
turnover  is  unrelated  to  an  increase  in  the  firing  rate  of  dopaminergic 
neurons  or  to  a  blockade  of  postsynaptic  DA  receptors.  However,  morphine 
blocks  the  activation  of  striatal  TH  induced  by  antischi-zophrenic  drugs. 
Morphine,  viminol  R„,  axidcmorphine  increace  cGMP  content  in  striatum  and 
N.  accumbens  but  decrease  that  of  cerebellum.  The  increase  of  cGMP  content 
in  striatum  and  in  N.  accumbens  and  the  decrease  of  cGMP  content  in  cerebellum 
caused  by  systemic  injections  of  narcotic  analgesics  are  blocked  by  naloxone. 
Thus,  an  increase  in  the  cGMP  content  in  striatum  can  represent  a  second 
messenger  response  related  to  the  interaction  between  opiate  receptors  and 
their  agonist.  The  location  of  the  opiate  receptors  c'lnd  the  relation  of 
opiate  receptor  function  with  the  DA  neurons  in  substantia  nigra  and 
striatum  is  now  under  investigation. 
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Role  of  Nicotinic  Receptors  in  the  Transsynaptic  Control  of 

Protein  Synthesis 

Dr,  Kurosawa  has  shown  that  in  chromaffin  cells  of  adrenal  medulla,  the 
following  sequence  of  molecular  events  occurs  in  response  to  the  persistent 
activation  of  nicotinic  receptors:  an  increase  of  the  cAMP  concentration; 
activation  of  cytostolic  cAMP- dependent  PK  translocation  of  the  low  molecular 
weight  subunit  of  PK  from  the  cytosol  to  the  nuclear  fraction  and  induction 
of  tyrosine  hydroxylase.  Transection  of  the  splanchnic  nerve  after  the 
increase  of  cAMP  has  occurred  and  the  cytosol  protein  kinase  has  been 
activated  and  translocated  to  the  nucleus  prevents  the  induction  of  tyrosine 
hydroxylase.  Evidently,  the  function  of  nicotinic  receptors  controls  the 
metabolic  changes  in  RNA  transcription  caused  by  the  translocation  of  PK 
in  the  nucleus.  The  way  in  which  the  sequence  of  the  molecular  events 
leads  to  tyrosine  hydroxylase  induction  is  being  studied. 

Role  of  cGMP  Dependent  Protein  Kinase  in  the  Expression 
of  GABA  Receptor  Activation 

Dr.  Szmigielski  has  discovered,  purified  and  characterized  a  thermostable 
small  molecular  weight  protein  in  rat  brain.  This  protein  inhibits  cAMP, 
cGMP  and  cyclic  nucleotides  independent  protein  kinase.  This  endogenous 
protein  is  particularly  concentrated  in  rat  cerebellum,  the  levels  are 
transsynaptically  regulated  by  stijnulation  of  GABA  receptors.  Conditions 
which  produce  a  long  lasting  increase  in  the  function  of  GABA  receptors 
are  associated  with  dramatic  changes  in  the  content  of  the  inhibitory 
protein.  We  are  now  investigating  tlie  molecular  mechanisms  that  produce 
these  changes  in  this  potent  regulation  of  phosphorylation. 
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The  Section  on  Technical  Development  is  a  group  of  engineers,  com- 
puter specialists,  and  technicians  which  provides  technical  services  to 
the  Intramural  Research  Programs  of  NIMH  and  NINCDS.  A  veterinarian  and 
a  group  of  laboratory  animal  technicians  and  animal  caretakers  provide 
animal  medicine  and  care  services  to  the  Intramural  Research  Program  of 
NIMH.  The  major  functions  of  the  Section  are: 

(1)  Instrumentation  research  and  development.   Design  and  development 
of  instruments  and  instrumentation  systems  which  represent  advances  in  the 
state-of-the-art.  Most  of  the  research  within  the  Section  falls  in  this 
category,  and  is  generally  done  in  collaboration  with  investigators  in  the 
laboratories  of  NIMH  and  NINCDS. 

(2)  Production  of  custom  instrumentat^ion.   Design  and  fabrication  of 
electronic,  mechanical,  and  optical  equipment  to  suit  the  particular  needs 
of  the  requesting  investigator.   These  instruments,  while  often  quite  com- 
plex, utilize  rather  than  advance  the  current  state-of-the-art  in  design 
techniques  and  components. 

(3)  Computer  services.  The  Section  assists  the  investigators  in  data 
collection,  reduction,  and  analysis,  by  supporting  two  laboratory  digital 
computers  for  general  use,  including  real-time  on-line  applications,  and  by 
providing  programming  service  and  technical  consultation. 

(4)  Laboratory  animal  medicine  and  care.  The  Section  provides  veter- 
inary medical  care  and  a  centralized  program  of  animal  caretaking  functions. 
A  health  care  program  for  employees  who  work  with  animals  is  being  developed. 

Additional  services  provided  by  the  Section  include  consultation  on 
measurement  techniques,  signal  processing,  noise  and  electro-magnetic  inter- 
ference in  data  measurement  systems,  and  equipment  purchases.   Several  for- 
mal and  informal  courses  for  investigators  are  taught  by  Section  personnel; 
copies  include  electrical  circuit  theory,  operational  amplifier  applications, 
digital  logic  design,  and  computer  applications. 

Due  to  manpower  limitations  and  economic  considerations,  the  Section  is 
unable  to  provide  the  following  services:  repair  of  commercial  instrtmients , 
duplication  of  off-the-shelf  commercially  available  equipment,  and  fabrica- 
tion of  non-instrximent  items  (shelves,  bookcases,  etc.). 
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when  an  investigator  requires  the  services  of  the  Section,  he  first 
meets  with  the  Section  Chief  and  other  personnel  as  needed  to  discuss  his 
requirements.  On  the  basis  of  this  meeting,  a  decision  is  made  as  to  whether 
the  Section  i-rLll   take  on  the  project.   In  some  cases  it  is  more  appropriate 
that  the  work  be  done  elsewhere,  due  to  the  nature  of  the  project  or  to  an 
excessive  backlog  of  work. 

When  the  Section  Chief  agrees  to  take  on  a  project,  the  investigator  is 
required  to  submit  a  memo,  initialed  by  his  Lab  Chief,  which  formally  requests 
the  services  of  the  Section  and  provides  complete  specifications  of  the 
functions  which  are  to  be  performed  by  the  required  instrumentation.   Section 
personnel  will  respond  in  writing  as  to  how  the  instrument  is  to  be  built, 
how  nnich  it  will  cost,  and  approximately  when  it  will  be  ready.   The  Section 
does  not  charge  for  services,  but  the  investigator  will  be  billed  for  the  cost 
of  the  components  used.   Upon  delivery  of  the  completed  instrument,  a  memo  is 
sent  to  the  investigator  listing  the  component  costs  and  asking  permission  to 
have  the  Administrative  Officer  transfer  funds  from  his  CAN  to  the  Section's 
CAN. 

Two  essential  changes  have  been  made  this  year  in  the  operation  of  the 
Section.   Short-term  mechanical  jobs  (four  hours  or  less),  which  have  an 
emergency  nature  such  that  an  on-going  research  project  is  being  delayed, 
are  now  being  handled  on  a  first-come,  first-served  basis  by  a  technician 
assigned  to  that  duty  for  a  two  week  period.  This  service  has  been  insti- 
tuted so  that  an  investigator  need  not  wait  two  or  three  weeks  (our  typical 
backlog)  to  have  a  small  job  done  if  his  research  will  be  delayed.  However, 
we  wish  to  stress  that  this  service  is  provided  only  for  urgent  projects, 
and  must  not  be  abused  by  persons  who  do  not  properly  anticipate  their 
instrumentation  needs,  or  simply  wish  to  circumvent  the  system. 

The  second  change  involves  the  auxiliary  machine  shop.   Although  the 
Section  has  traditionally  provided  a  facility  for  investigators  to  do  their 
own  mechanical  work  in  an  unsupervised  situation,  this  policy  was  recon- 
sidered in  light  of  the  frequent  abuse  of  the  machinery  (generally  due  to 
inexperience  and  haste)  and  disregard  for  minimal  safety  and  cleanup  standards. 
We  now  station  the  technician  responsible  for  small  jobs  in  the  auxiliary 
machine  shop;  in  general,  he  will  do  the  work  formerly  performed  by  the 
investigator.   In  certain  cases  where  the  investigator  insists  on  doing  the 
work  himself,  and  the  technician  feels  that  he  is  competent  to  do  so,  he  will 
be  allowed  to  use  the  machines  under  the  supervision  of  the  technician. 


INSTRUMENTATION 

The  following  are  selected  instrumentation  projects  undertaken  during 
the  past  year.  These  are  chosen  from  a  total  of  245  projects,  and  are  repre- 
sentative of  the  types  of  electronic  instruments  and  systems  developed  by 
the  Section: 

(1)   Patient  Activity  Monitoring  System.   The  Section  has  continued  to 
develop  a  system  for  monitoring  the  activity  patterns  of  ambulatory  subjects. 
The  system  is  built  around  the  basic  activity  monitor,  which  was  redesigned 
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this  year.   As  the  device  is  now  configured,  a  piezoelectric  accelerometer 
generates  a  voltage  when  the  limb  to  which  the  monitor  is  attached  moves. 
If  the  voltage  exceeds  a  preset  threshold,  an  event  is  recorded.   A  standard 
timing  period  (generally  15  min.)  is  divided  into  4096  equal  intervals  of 
0.22  seconds,  and  only  one  event  can  be  recorded  in  each  interval.  At  the 
end  of  the  timing  period,  the  total  number  of  events,  divided  by  16,  is 
stored  in  solid  state  memory;  the  event  counter  is  cleared,  and  a  new  timing 
period  is  initiated.  The  memory  can  store  activity  totals  for  256  timing 
periods  (64  hours),  and  the  range  of  activity  counts  for  each  period  is 
4096  ^  16  =  256. 

Stored  activity  data  is  extracted  from  the  monitor  by  reading  the  device 
directly  into  a  PDP-11/40  computer  through  interface  electronics.  The  com- 
puters are  located  in  Building  36,  Building  10,  and  the  William  A.  White 
Building  at  St.  Elizabeth's.  With  the  computer  handling  the  read-out,  per- 
manent storage,  numerical  processing,  and  plotting  of  the  activity  data,  the 
need  for  manual  data  handling  has  been  essentially  eliminated.  This  develop- 
ment has  been  a  major  factor  in  the  success  of  the  activity  monitoring  prp- 
grams  thus  far. 

Other  new  developments  in  the  system  include: 

(a)  Portable  Readout  and  Storage  Device.   In  order  to  facilitate 
use  of  the  monitors  with  subjects  in  remote  areas,  where  access  to  the  com- 
puter for  data  readout  is  impractical,  a  device  was  built  into  a  briefcase 

to  provide  interim  data  storage.  The  device,  designed  and  built  to  be 
operated  by  the  subject,  reads  the  data  from  the  activity  monitor  and  stores 
it  on  an  audio  cassette  tape  in  a  recorder  which  is  concealed  from  the  sub- 
ject. Each  tape  holds  about  one  year  of  data.   The  briefcase  is  returned  to 
the  investigator,  who  then  plays  the  audio  tape  directly  into  the  computer, 

(b)  Data  Transmission  by  Telephone.  An  equally  promising  but 
potentially  cheaper  method  of  transporting  data  from  remote  locations  is 
now  under  development.  The  device  will  read  data  from  the  activity  monitor 
and  transmit  it  by  frequency  shift  keying  over  telephone  lines  to  the  investi- 
gator here  at  NIH,  where  the  data  will  be  stored  on  audio  cassette  tape 
until  it  can  be  read  into  the  computer.  Thus,  long  term  outpatient  studies 
can  be  conducted  in  any  area  with  telephone  service. 

The  activity  monitor  system  has  been  well  received  by  the  technical 
community;  over  35  monitors  are  now  being  used  by  seven  different  research 
groups.  Applications  include  research  on  manic-depressives,  hyperactive 
children,  anorexia  nervosa  patients,  drug  addicts,  and  restrained  monkeys. 
Publicity  gained  from  word-of -mouth  and  from  our  two  publications  has  evoked 
ntimerous  inquiries  from  investigators  all  over  the  country.  We  have  filed  a 
patent  application,  and  several  firms  have  expressed  interest  in  licensing 
the  device  for  manufacture. 

(2)   Measurement  of  Activity  of  Confined  Animals.  The  Section  has 
continued  to  innovate  techniques  of  transducing  and  recording  quantitative 
and  qualitative  aspects  of  confined  or  restrained  animals.  The  following 
are  examples . 

(a)   Rat  Activity  Monitoring  Cage.  An  activity  cage  has  been 
developed  which  electronically  senses  the  location  ofan  unrestrained  rat 
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within  the  cage,  the  amplitude  and  frequency  of  gross  and  fine  movements, 
and  the  occurrence  of  rearing.  The  instrijiment  produces  two  analog  voltages 
which  together  contain  this  spatial  and  temporal  activity  information. 

Four  capacitors  are  created  by  mounting  conductive  plates  on  the 
outside  of  each  wall  of  the  cage.  The  electrically  grounded  conductive  floor 
of  the  cage  is  the  common  second  plate  of  all  four  capacitors,  which  forr.x 
a  differential  capacitor  pair  for  each  axis,  X  and  Y,  of  the  floor  of  the 
cage.  These  capacitors  serve  in  the  timing  circuits  of  four  one-shot  multi- 
vibrators. As  the  rat  moves  within  the  four  ovei'lapping  capacitive  fields, 
he  changes  the  effective  size  of  each  capacitor  and  thus,  the  period  of  each 
one-shot.  Additional  circuitry  detects  the  period  changes  and  produces  the 
two  analog  output  voltages,  which  indicate  the  instantaneous  position  of  the 
rat  in  the  X  and  Y  axes. 

One  system  is  being  developed  which  vd.ll  include  fifty  of  the 
activity  cages  interfaced  to  a  PDF- 11/ 03  microcomputer  for  data  acquisition. 
Programs  in  the  11-03  will  analyze  the  output  signals  from  the  cages  in  real 
time  for  types  of  activity  pertinent  to  a  particular  study.   Summaries  of 
that  inforutiation  will  be  recorded  on  a  digital  cartridge  tape  unit.  The 
cartridges  will  be  transported  to  a  larger  computer  to  be  read  for  further 
analysis. 

(b)  Measuring  and  Recording  Long  Term  Rat  Activity.  A  micro- 
processor based  system  for  continuous  monitoring  of  activity  from  16  rat 
exercise  wheels  was  developed.  One  full  rotation  of  a  wheel  sets  an 
appropriate  flag  bit;  every  ten  seconds  the  microprocessor  scans  all  16 
flag  bits  and  stores  the  data  on  a  digital  tape  cassette.   Data  analysis 
of  the  activity  patterns  is  done  off-line  on  the  Section's  PDP-11/40  com- 
puter.  Programs  were  written  to  present  the  data  in  the  classic  format 
currently  used  for  similar  data  taken  from  mechanical  event  recorders. 

(c)  Activity  of  Monkeys  in  Restraining  Chairs.   A  system  is 
being  developed  for  periodic  measurement  and  recording  of  activity  and 
temperature  data  from  as  many  as  12  monkeys  in  restraining  chairs,  for  pur- 
poses of  observing  physiological  rhythms.  A  thermistor  affixed  to  the  cortex 
transduces  temperature,  and  a  specially  designed  activity  monitor  mounted  to 
the  skull  measures  head  movement.  The  data  from  all  animals  is  periodically 
acquired  by  a  microprocessor  and  stored  on  digital  cartridge  tape,  for  later 
analysis  on  a  digital  computer. 

(d)  Rat  Rotation  Monitor.  This  device  transduces  and  counts 

the  clockwise  and  counterclockwise  rotations  of  a  rat  for  neuropharmacological 
purposes,  such  as  evaluation  of  the  efficacy  of  catecholamine  lesions.  Four 
channels  are  provided  with  a  single,  central  timing  control  for  simultaneous 
processing  of  four  animals. 

Each  animal  is  harnessed  by  a  combination  Velcro  waistband  and 
wire  neckloop  via  a  stiff  spring  to  a  mechanical- electrical  interface.  This 
interface  converts  each  revolution  to  three  distinct  electrical  pulses  by 
means  of  slotted,  optical-limit  switches.  The  interface  is  positio-.ied  at 
the  top  center  of  the  animal's  vertical  cylinder  plexiglas  cage. 

The  device  encodes  the  three  pulses  to  recognize  only  full  revolu- 
tions and  stores  these  revolution  counts  in  two  counters,  one  each  for  clock- 
wise and  counterclockwise.   Total  counts  are  summed  for  user  selected  inter- 
vals of  five  or  ten  minutes.   Each  count  is  sampled  at  ten  second  intervals, 
converted  to  an  analog  signal  and  output  to  the  user's  recording  device, 
typically  a  strip  chart  recorder.  An  alternate  digital  output  mode  is 
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available:  each  count  pulse  is  presented  at  the  time  it  occurs.  This  mode  - 
is  TTL  compatible. 

(3)  Event-Centered  Raster  Generator.  This  instrument  detects  a  random 
event,  such  as  a  voluntary  anima.1  response,  and  produces  a  dot-intensified 
raster  display  that  is  centered  in  time  on  that  event.   Equal  time  segments 
of  pre-event  and  post-event  neuronal  responses  may  be  observed  for  up  to 

64  sequential  events.   For  each  raster  sweep,  the  neuronal  responses  are 
displayed  within  256  time  bins,  with  the  bin  time  selectable  from  1  to  99  msec. 
LED  displays  show  the  number  of  raster  sweeps  and  the  total  niimber  of  both 
pre-  and  post-event  responses. 

A  secondary  event,  either  synchronized  with  or  independent  from 
the  primary  event,  may  also  be  detected  and  displayed  on  the  raster.  Thus, 
for  stimulus -response  experiments,  the  raster  may  be  centered  on  either  the 
stimulus  or  response  and  the  time  correlation  of  neuronal  responses  to  both 
of  these  "events"  may  be  recorded, 

(4)  Discriminator  and  Iontophoresis  Systems.  The  amplitude/time 
window  discriminator  system  designed  in  1973  (usually  including  an  ampli- 
fier/filter, a  raster  generator,  and  a  rate  meter),  and  the  multichannel 
high-voltage  iontophoresis  system  designed  in  1974  continue  to  find  wide  use. 
This  year  five  discriminator  systems  and  two  iontophoresis  systems  were 
completed.   These  units  bring  the  total  ntmiber  in  use  in  the  Intramural 
Research  Programs  of  NIMH  and  NINCDS  to  19  discriminator  systems  and  8 
iontophoresis  systems. 

(5)  Microelectrode  Preamplifier.  The  latest  IC  operational  amplifiers 
have   been  used  to  develop  a  battery-powered  preamplifier  for  unit  recording 
with  metal  or  glass  microelectrodes.  The  device  has  high  input  impedance, 
low  noise,  and  selectable  gain  and  bandwidth. 

(6)  Respiration  Monitor.  A  previously  developed  respiration  monitor 
for  monkeys  was  improved  by  the  use  of  a  smaller  and  more  sensitive  thermistor. 
The  thermistor  is  mounted  in  a  small  plexiglas  protector  and  is  positioned 
r.aar  the  animal's  mouth  or  nostrils  to  sample  the  inspired/ exhaled  air.  This 
position  generally  requires  the  animal's  head  to  be  immobilized.  The  output 
can  be  either  to  a  ineter  for  qualitative  observation  or  directly  to  an  EEG 
recorder.  Amplification  is  adjustable  so  that  satisfactory  results  have  been 
achieved  for  infant  monkeys  during  surgery  or  aaults  in  experimental  situ- 
ations. Circuitry  can  be  included  to  sound  an  alarm  when  breathing  ceases 

for  a  preset  time  interval. 

(7)  Rat  Sleep  Scorer.  A  device  is  being  developed  to  categorize  the 
bifrontal  electrocortical  activity  as  low,  medium  or  high,  the  frontal- 
occipital  EEG  as  low  or  high  and  the  EMG  as  low  or  high.   It  is  hoped  that 
logical  combination  of  these  states  will  enable  the  user  to  identify  and 

_ scord  10  second  epochs  of  sleep  as  wakeful,  REM,  or  NON-REM. 

(8)  Finger  Tremor  Transducer,  A  device  to  detect  and  quantify  the 
finger  tremor  of  human  patients  with  Parkinson's  disease  is  being  developed. 
Measurement  of  differential  capacitance  changes  modulated  by  thumb  or  index 
finger  movement  will  accurately  locate  and  track  the  finger  position  and 
movement.   Outputs  will  be  analog  for  input  to  a  strip  chart  recorder. 
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(9)   Optokinetic  Nystagmus  Stimulator.  This  device  was  constructed 
for  use  with  adult  monkeys  in  restraining  chairs.  The  unit  consists  of  a 
90  cm,  diameter  drum,  support  framework,  a  DC  motor  to  rotate  the  drum,  and 
a  control  box.  The  support  frame  and  drum  rest  atop  the  animal's  chair  for 
testing  and  are  easily  removed.   The  inside  of  the  drum  is  unobstructed  for 
easy  attachment  of  visual  stimuli.   Interval  illumination  is  provided. 

Controls  permit  selection  of  rotational  direction  and  choice 
of  several  discrete  speeds  between  5  and  40  RPM.  The  control  box  is  self- 
contained,  allomng  remote  use. 

(10)  EMG  Biofeedback  Device.  A  prototype  EMG  biofeedback  device  was 
designed  and  constructed  to  be  used  in  imiscle  reeducation  for  post-stroke 
patients.   Although  the  device  can  be  used  for  any  EMG  biofeedback  applica- 
tion, it  was  specifically  intended  for  use  in  reeducation  of  leg  muscles. 
The  device  can  be  used  in  several  different  ways.  A  microammeter  is  pro- 
vided wtiich  can  give  immediate  feedback  for  training  purposes;  the  movement 
of  the  meter  dial  is  proportional  to  the  EMG  activity.   The  device  can  also 
be  used  for  long-term  feedback  where  the  total  EMG  activity  is  integrated  for 
the  desired  period  of  time  up  to  approximately  eight  hours,   A  small  digital 
display  gives  the  user  a  number  which  represents  the  total  integrated  EMG 
activity  over  the  selected  time  period.   In  this  mode,  the  patient  would 
wear  the  device;  therefore,  the  instrument  had  to  be  small,  portable,  battery 
powered  and  easy  to  use. 

(11)  AR-11  Interface.  The  PDP-11  computer  is  equipped  iNrith  a  real- 
time analog  subsystem  that  is  used  by  many  investigators  for  input  and  out- 
put of  analog  data  to  their  computers.  The  AR-11  includes  A  to  D  and  D  to 
A  converters  plus  a  programmable  real-time  clock.   Five  interface  panels 
were  designed  and  constructed  to  take  full  advantage  of  the  AR-11  capabil- 
ities and  in  some  cases  modify  the  output  signals  for  use  with  specific 
scope  displays.   The  interface  panel  makes  possible  easy  access  to  the 

16  channels  of  A  to  D  provided  by  the  AR-11  and  also  allows  the  use  of  the 
digital  control  lines  that  are  available  for  the  display  scopes.   In  addi- 
tion, multi-use  Schmitt-trigger  circuitry  is  provided  that  makes  use  of 
one  of  the  system's  interrupt  control  lines, 

(12)  Electromagnetic  Muscle  Stimulator.  A  prototype  device  was 
developed  to  provide  mechanical  stimulation  of  individual  muscles  in  an 
intact  awake  behaving  primate,   A  3  x  6  x  15  mm  steel  bar  is  implanted 
longitudinally  in  the  flexor  carpi  ulnaris  muscle  of  the  forearm.  The 
monkey  sits  in  a  primate  chair  with  the  forearm  passing  through  a  solenoidal 
coil  of  wire,  A  pulse  of  current  passed  through  the  coil  creates  an  axial 
magnetic  field  which  produces  a  force  on  the  implant  and  results  in  a 
mechanical  stretch  of  the  muscle,  followed  by  a  tendon  jerk  and  a  trans- 
cortical response.   Further  development  of  the  system  is  directed  toward 
increasing  the  force  and  minimizing  the  required  input  power,  and  in  using 
various  time  varying  currents  for  different  effects, 

(13)  Data  Acquisition  System  for  Behavioral  Observation.  A  micro- 
processor based  cassette  data  entry  system  has  been  developed  for  use  in 
behavioral  observation  experiments.  The  system  utilizes  two  custom  key- 
boards which  observers  will  use  to  record  behavioral  events.  The  keyboards 
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9>      have  illuminated  displays  which  indicate  current  behavioral  trends  or  pat- 
terns. A  microprocessor  sorts,  time  correlates  and  writes  keyboard  data 
onto  a  digital  magnetic  tape  cassette.  Following  the  observational  period, 
the  tape  is  removed  to  a  computer  facility  for  information  retrieval,  pro- 
cessing and  analysis, 

,^,  COMPUTERS 

The  laboratory  computer  system  developed  by  the  Section  on  Technical 
Development  provides  a  versatile  means  of  computer  support  to  the  individual 
laboratories.  The  computer,  as  used  in  the  Intramural  Program,  is  a  labora- 
tory instrument,  providing  a  means  of  data  acquisition,  both  off-line  and 
on-line,  process  control  and  data  reduction.  The  laboratory  systems  appli- 
cations range  from  real-time  systems  interacting  with  the  experiment  to 
reading  the  data  stored  in  the  memories  of  the  Patient  Activity  Monitor. 
The  smallest  system  consistent  with  the  need  of  the  laboratory  is  used,  and 
data  is  further  processed  on  STD's  support  computers  or  the  DCRT  facilities. 

The  aim  of  the  Section  has  been  to  provide  routines  specifically 
tailored  for  the  needs  of  the  intramural  program,  and  to  furnish  systems 
assistance  to  the  investigators  writing  their  own  programs.  The  Section 
provides  individual  training  and  assistance  to  users.  This  has  proven  to  be 
a  more  efficient  means  of  training  than  conducting  formal  classes, 

*'  \  The  installation  and  implementation  of  the  laboratory  computers  has  been 

well  within  the  predicted  time  frame,  and  the  Section  is  now  exploring 
means  of  improving  the  resources  available  to  the  inveftigator  and  to  lessen 
the  investment  of  time  necessary  for  a  scientist  to  efficiently  utilize  the 
computer  as  a  laboratory  instrument. 

Programming  is  now  done  primarily  in  FORTRAN.   FORTRAN  is  a  relatively 
old  compiler  that  was  designed  to  process  mathematical  equations.   Computer 
manufacturers  have  standardized  on  this  language,  but  it  is  awkward  and  not 
efficient  for  laboratory  use.  The  language  PASCAL  has  been  purchased  and 
is  being  studied  in  detail.   It  should  reduce  the  amount  of  programming  time 
needed  and  produce  more  efficient  computer  code.  The  concept  of  Structured 
Programming  is  being  examined  and  its  application  to  on-line,  real-time  pro- 
gramming should  provide  a  more  efficient  means  of  handling  complex  programs 
as  well  as  reduce  the  number  of  errors  and  the  time  spent  debugging  experi- 
mental routines.  Methods  of  handling  time  series  data  are  being  investigated. 
There  have  been  many  recent  advances  in  digital  filtering,  Fourier  transforms 
and  noise  analysis  which  have  direct  application  to  neurophysiological  data 
processing. 

The  Section  conducted  systems  studies  for  the  application  of  small 
microcomputers  for  fixed  purpose,  laboratory  instrtimentation.  Two  such 
systems  have  been  ordered  for  the  Laboratory  of  Clinical  Psychopharmacology. 
One  will  provide  a  continual  monitor  of  physical  activity  and  brain  temper- 
ature of  a  number  of  monkeys  over  extended  periods  of  time.   The  other 
application  will  monitor  the  activity  of  rats  living  in  the  cages  designed 
by  the  Section. 
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Additional  computer-related  projects  include: 

(1)  Automated  Analysis  of  Autoradiographs .  An  operator  interactive 
system  for  the  densitometrlc  analysis  of  autoradiographs  is  being  implemented 
for  the  Laboratory  of  Cerebral  Metabolism.  Under  control  of  a  PDP-11/03 
computer,  the  information  present  in  pictorial  form  in  the  autoradiograph 

is  converted  to  digital  densitometrlc  data  bj'  a  scanning  irdcrodensitometer 
and  displayed  on  a  video  monitor.   Standard  image  enhancement  techniques, 
such  as  contrast  stretching,  density  slicing  and  pseudo-color,  in  conjunc- 
tion with  a  joystick-controlled  outlining  frame,  will  allow  image  features 
to  be  easily  detected  and  isolated.   Once  a  feature  of  interest  has  been 
isolated,  the  system  will  be  able  to  compute  its  average  density  and  area, 
A  hard  copy  of  the  enhanced  image  may  be  obtained  either  by  taking  photo- 
graphs from  the  video  monitor  or  by  using  the  Versatec  printer/plotter,  which 
is  part  of  STD's  Building  36  support  computer. 

(2)  Membrane  Activity  of  Neurosecretory  Cells.   Cells  have  been 
isolated  that  exhibit  bursting  pacemaker  activity;  some  of  these  cells  are 
responsive  to  peptide  neuro -hormones.   Voltage  clamp  experiments  designed 
to  investigate  the  conductances  which  produce  the  electrical  responses  are 
in  progress.   The  data,  currently  stored  in  analog  form  on  tape  and  analyzed 
off-line,  consists  of  slow  conductance  variations  combined  with  extremely 
fast  changes  during  the  bursting  activity  elicited  by  changes  in  membrane 
voltage.   Digital  techniques  are  being  developed  to  separate  and  analyze 
these  components  in  order  to  study  the  underlying  mechanisms  of  chloride 
conductances  and  membrane  permeability.   Thg  eventual  aim  of  these  programs 
is  an  on-line,  real-time  system  allowing  the  scientist  to  interact  with  the 
experiments. 

(3)  Single  Unit  Studies.  Hardware  and  software  support  of  Laboratory 
of  Brain  Evolution  and  Behavior  studies  of  single  units  in  primate  brain 
has  resulted  in  the  completion  of  the  CAUDAR  (Computer  Assisted  Unit  Data 
Acquisition  and  Reduction)  system.   Personnel  of  LBEB  developed  the  FORTRAN 
software  package  and  the  real-time  data  acquisition  portion  was  developed 

by  STD.  The  system  has  run  successfully  since  June  1976  with  continuing 
developments  and  enhancements  up  to  the  present  time.   It  has  been  sub- 
mitted to  and  accepted  by  National  Technical  Information  Service. 


LABORATORY  ANIMAL  MEDICINE  AND  CARE 

The  Unit  on  Laboratory  Animal  Medicine  and  Care  was  established  this 
past  fiscal  year.  The  Unit  is  staffed  by  a  veterinarian,  laboratory  animal 
technicians,  and  animal  caretakers  who  provide  daily  care  and  maintenance  of 
laboratory  research  animals. 

Services  provided* by  the  Unit  include: 

(1)  Tuberculosis  testing  program.   All  primates  including  chose 
located  at  St.  Elizabeth's  Hospital  are  T.B.  tested  every  three  months. 

(2)  Manage  Central  Primate  Facility.  The  Central  Primate  Facility 
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has  a  capacity  for  approximately  forty  primates.  At  the  present  time,  three, 
investigators  have  research  projects  in  progress.   Support  is  provided  through 
assistance  in  preparing  surgical  models  and  maintaining  animals  on  special 
diets  and  feeding  routines. 

(3)  Treatment  of  sick  and  post-surgical  animals. 

(4)  Assist  in  aniioal  procurement  when  needed. 

(5)  Provide  day  to  day  care  and  maintenance  of  research  animals. 
Care  and  maintenance  of  research  animals  are  provided  seven  days  a  week  in 
all  areas.  To  assist  in  establishing  and  implementing  work  routines,  a  super- 
visor was  appointed.  The  supervisor  provides  day  to  day  contact  with  per- 
sonnel in  all  work  areas  and  coordinates  weekend  and  holiday  work  schedules. 

A  float  position  was  established  to  provide  animal  care  support  when  per- 
sonnel are  on  leave. 

Work  routines  that  have  been  established  include  changing  of  all 
animal  cages  at  least  weekly.  This  has  significantly  reduced  the  incidence 
of  gastrointestinal  problems,  especially  in  the  primate  colonies.  Night 
coverage  of  the  primate  nursery  has  been  established  with  the  addition  of  two 
part-time  persons  covering  on  alternating  nights. 

(6)  Organize  and  monitor  an  employee  health  program.  This  program 
will  apply  to  all  NIMH  personnel  who  work  directly  with  animals  and/or  animal 
tissues.   It  is  designed  to  protect  all  personnel  from  zoonotic  diseases  and 
in  turn  to  protect  animals  from  human  diseases.   It  will  be  jointly  admin- 
istered by  NIMH  Personnel,  Occupational  Medical  Service  (OMS)  and  Unit  on 
Laboratory  Animal  Medicine,  The  NIMH  Personnel  Section  will  notify  the  OMS 
of  new  employees;  once  an  employee  is  registered  with  the  OMS,  the  service 
will  notify  the  individual  employee  of  recommended  follow-up  visits.  A 

copy  of  these  notifications  will  be  sent  to  the  NIMH  Personnel  Section  and 
the  Unit  on  Laboratory  Animal  Medicine  as  a  means  of  keeping  the  employee 
list  current  with  the  Occupational  Medical  Service. 

One  of  the  major  projects  undertaken  by  the  Unit  is  to  upgrade  the 
program's  animal  holding  facilities.  Over  the  next  several  years,  it  is 
anticipated  that  automatic  watering  systems  will  be  installed  in  all  rabbit 
and  rodent  rooms  and  on  all  cages.  This  will  decrease  the  time  needed  to 
service  each  unit. 

Automatic  watering  systems  have  been  installed  in  three  rodent  rooms 
with  two  more  rooms  to  be  installed  soon.   Some  new  primate  cages  with  squeeze 
mechanisms  for  easy  restraint  were  purchased  this  year.  New  rabbit  and  rodent 
cages  have  been  ordered  to  replace  some  of  the  older  units  that  are  no  longer 
serviceable  or  did  not  meet  size  requirements. 

Although  the  animal  holding  facilities  at  St.  Elizabeth's  Hospital  are 
not  part  of  the  Unit  due  to  logistic  difficulties,  the  veterinarian  is 
responsible  for  the  quality  of  animal  care  delivered.   Consultant  visits  are 
made  approximately  once  a  month  to  assist  in  care  and  maintenance  of  research 
animals  and  to  take  care  of  health  problems  that  may  exist. 
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ENGINEERING,  COMPUTER  and  FABRICATION  SERVICES 


This  table  shows  the  distribution  of  the  Section's  workload  among  the 
various  laboratories. 

LABORATORY  OR  BRANCH 


Neurophysiology,  NINCDS  -------------- 

Special  Mental  Health  Research,  St.  E's„,  NIMH  -  - 
Clinical  Science,  NIMH  -------------- 

Neurophysiology,  NIMH  --------------- 

Brain  Evolution  &  Behavior,  NIMH  --------- 

Adult  Psychiatry  Branch,  NIMH  ----------- 

Behavioral  Biology,  NICHD  ------------- 

Experimental  Therapeutics,  NIECDS  --------- 

Neuropsychology,  NIMH  --------------- 

Cerebral  Metabolism,  NIMH  ------------- 

Neurobiology,  NIMH   ---------------- 

Psychology  and  Psychopathology,  NIMH   ------- 

Neurochemistry,  NINCDS   -------------- 

Central  Nervous  System  Studies,  NINCDS   ------ 

Developmental  Psychology,  NIMH   ---------- 

Molecular  Biology,  NINCDS  ------------- 

General  and  Comparative  Biochemistry,  NIMH  -  -  -  - 

Biophysics,  NINCDS   ---------------- 

Neurochemistry,  NIMH   --------------- 

Intramural  Research  Program,  NIMH  --------- 

Neuro -Otolaryngology,  NINCDS   ----------- 

Experimental  Neurology,  NINCDS   ---------- 

Neuropathology  and  Neuroanatomical  Sciences,  NINCDS 
Intramural  Research  Program,  NINCDS  -------- 

Perinatal  Physiology,  NINCDS   ----------- 

Infectious  Diseases,  NINCDS  ------------ 

Medical  Neurology,  NINCDS  ------------- 


NIMH  (Total) 
NINCDS  (Total) 
NICHD  (Total )>': 


HOURS 

PERCENT 

4774 

15.29 

4059 

13.00 

3196 

10.24 

3023 

9.68 

2432 

7.79 

1694 

5.42 

1346 

4.31 

1342 

4.30 

1094 

3.50 

1046 

3.35 

975 

3.12 

959 

3.07 

776 

2.48 

562 

1.80 

544 

1.74 

531 

1.70 

476 

1.52 

464 

1.48 

392 

1.25 

374 

1.19 

371 

1.18 

254 

0.81 

222 

0.71 

82 

0.26 

76 

0.24 

73 

0.23 

66 

0.21 

20,264 

64.94 

9,593 

30.75 

1,346 

4.31 

31,203 


100.00 


NICHD  loans  the  Section  one  position,  and  is  thus  entitled  to  1700  hours 
of  service. 
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